ms^m^nff (jp) «2) ^ ^ jj^ |^ ^ ^ (a) aimwam^Amm^ 
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(54) ^PI»ft:^»Jti:/:^^coaiite&j* 



(57) [S^] 

ym 1 4 t^^V tyV aym±lcmfi^'^Hrc^mm 1 8 1 

^-hmm(Di&-r(D-yv:nym^t^'-hmmmt 




1 

nmt. 

mm^- hmm<Dm^<Dr:&<Dttsmyv a ymmtmrn 
^-himm<Dnmi^. t!}m^~hmm(DmT(Dmi lo 

Mie4< u y v=i>mt mmmmm t (dwmc t, . mmv 

?>XMt. 20 

aym±icm-snn:^mtmt^^'~ hmmm 

m^^xmmm^m\ mmf^ v y u ^ ymmm^^ 
(Dmm-fyjmmi^v=iymmtmm^- hmmt 

[si^S4] yv:3ymmiic'f-hmmmmf^t so 

m\ V y y 3 ymmmm\mm.micmm 
mm^xnt. 

mmtmrnf-hmmmto^m^c. mm^mxt^x 40 

[0 0 0 1] 

(Dmmmcm. wi^^^v yv =iymt^mmt^m so 
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[0002] 

[!J^5fe©M jfi^Tii. CMOS f7>i>~X^CDl«ft 

m}^.-kM t^r^^jyvdyt^mmhtc. 

^lUmoy^m^mWits m^a^ low-resistivity po 
ly-aetal gate electrode durable for high-temperatu 
re processing, Y.Akasaka et al., IEEE Trans. Onele 
ctron Dev. 43. 1864 (1996){c:|^^$nTI/^§o 
Co 0 0 4] ^«2tlTV^«.1<y 

[0005] 02 3l€^ti:olc. iyV=iyWRl 1 0 

±lcli. ^>y nygfbgft^cfcDijicSy-MeeKi l 

2*^j^^snTi/^^o y~himmi i z±ici,t. t°v 

i/Unym 1 4t. ^^yj/ynyni i 4±lcmf^-& 
ti/cWS i Nj;?)^§^^y7r^i 1 6 t. ^^y7rS 

Hi 1 8t(DmMmmici:-:>rm^tHrc^~hmmi 
zoim^^tiri^^^o ^"i'yyrmi i en. fsvyv 

3>^l 1 4i:^SMl 1 8 i:*^'SiSLTgK©«V^:J? 
j:5^^^^7^Hi 2 2*%^?nTV>;5o 

[0 0 0 6] .1^° y -y y 3 y^ 1 1 4 mm^m^it. y 

y3y®ft^i 2 3;6M5nTt/^^o 'yy3y^{i:M 
1 2 3{i. ^-h«ffil 2 0«/'?^-:^y^Lfc^fc^ 

[0 0 0 7] -y-hmgi zom}yv::iymimi 2 

Tiz-'^o 2 o©i!5ii!i©yy 3ya^i 1 0 

m^i^. ^-w^m.mmi 2 satrM^mimmi 2 
8 b iifcj;»?«^^nfcx^'Xxy^^a yy-x f w 
y«ii<Dy-x/F wym«tM 1 2 simm-^tix\^^ 

So 

[0 0 0 8] -jT'-fi^iaii 1 zii. m^. mmm 

c tic^fc^^Lfcuai 3o-t?\ mmm&ti^'M<tx-ox 

t/^^. 1 2 t^It^*^gS<^)«(/« 1 3 

oifBm-^nxh^^tc^. >Kyv'y3ypi i44'ic« 
A?nfc4?py^(D7FMW>y3yaiKi 1 owcg 

it^^DA^SPIfJ^n. x^Xr-y^/ayy-XKb 

-cy^mmt^^mmmm.mM 1 2 a afc^x^nfc^ 
mmti^^-h^mi 1 2^-9-^F*>:t- /i/^m 2 
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3 

ron CMOSFET using Nitrided-Oxide, K.Irino et al., 
1999 Syip. on VLSI Technology, 9A-2fcPfl^?nTt/> 

[0 0 0 9] ^tc. ^mmi 1 8tCffll/^?>tlTi/^5^> 
ny^fklil 2 3*J^fi)cT^l^tti. ^JSiSi 1 8^% 

^{t-r 5 o < . 4^ 'J y 3 y IS 1 1 4 mimm^ lo 
(D^^aij^Wfc 3 ym^m 1 2 3 ^j^j^st-r § c tm- 

mitm^^T^ Hz 0 i:a^{ts^#:r ^ 
'^tsnm%^Tmm^mct\ci:ij. ^mmi 1 s 

;&^{l:-r ^ ctrji<. .-K u ^/ u a >K 1 14 ©ffl!]iig|5^^ 
[001 1] 

nTi/^5*»*SSTii. 3^°iJ~>'J:3y^i 1 4 ©AM 
fcj/y ny^ftsi 1 2 3 %j^j,g-r?.^fCv ^y; ay»ffi 
1 1 ot^-vmmmi 1 2^1 ©Affile :fev^Ttm{t*^ 
jifT-r ^fcib. mmm&o:,Mi ^mM 1 3 0 y y 3 y» 
«i 1 o^^^-Mg^Mi 1 2i©:^a*^5iiHbTL 

V 3 ysig 1 loty- hmmm 1 1 2 tconmi-cmm 30 

?iS3b^lii/^M« 1 3 0!?)'!#&L=S:<^^^. J^'y 

aymi 1 3t^A^nfc:<fxBy^©?F^Ujt)^5/Upy 

[0012] ^fc. ^-snzi^-^^^mw^mvit. m 

A^n/c^^ay^^D^l6tIA^ yy^y^ftsii 23* 
icmifTV^^ctif&^. f-vtyv^ymi 1 4 CDS 

Tx^^xi^tt^^i;§c^;Jb^"'^^f\ ^-hmi 40 

[0 0 13] *fgBJ(Dgm^ 4<y>!^;i/«ji=&wt-§ 

[00 14] 

icB^-^n. t°y >-y 3yMi:S5l3.1s°y v-y 3y]i±fc 



#Fji2 00 2-2 6 3 1 7 
4 

WL. mm^-hmm<D^m<DTi^<Dmmi^v=iymm 
v. y 3 ymmt^~ h mmm t mm^cmmmm 

[0 0 15] 

[^0^©*ffi® w 1 mmmm] :$.mm(Dm 1 ^ 

ifMST^fe^o 07 {is :^mm]^mic^^>'vaymit 
9^-v-b-r?$.i.o msii~. yv^yt^y^7.Ty(r)m 

[GO 1 6] Bifc^-ri^t, f>y3y^io±t 

It. y y 3 y gffc^fbsi J; m ^- h mmm 1 2 

[00 1 7] y-b«ii2 oii. ^-vmmmi2±\c 
mf&^nrc^^vyv^ymi 4t. >i<yyy3yKi 4 

6 ti. .-}<y y y 3 yii 1 4 t^mm 1 s ^^tolts 
ta©^(/^^y^*'XTyi/y'9-'i' F^^^sns©;^^^ 

[0 0 18] y-h«ii2 o±icii. -yv=iymitm^ 

[0019] y y y 3 yM 1 4 ©tilsgp^Hcti. y y 

3 ymitmim 2 4 s^Sfi^^nT v^^o ^^'V 3 y^ft^ 

[002 0] ^-hmmzQ Rtf y y 3 ygf t^ft^ 2 

4 ©tijiSfc (i . -9-^ K <i7 ~}vmmm 2 e *^j^j?sc? nx 
v^So h«ffi2 ocDi^fjjcoyy 3ysKi oF^fc 
a. ^|ifiW2;ft®«2 8 a i:^*6tiatS(MJi52 8 b J:lc 
J; <:)m^-^tircj:->XTyy3 yy-x K wyS5t® 

[00 2 1] :$mmmi€^^^m^mMits ^-vm 

mzo (D^ptDT7?o^- F mmm 1 2 1 y 3 ys® 

[0 0 2 2] fiP^. '7-FWS2 0©«g|5<DT;5-fcfe^t 



5 

?) hmmm 1 2 ^> u n ymm 1 0 ^ 

Co 0 2 3] aMIfiA^S<&-3T!/>;5Mft?3 0. 3 2 

Co 0 2 4] :ft*3. ^mmBmi:\ ^-i-msz o©*^ 

Co 02 5] 02 a. y-h«S(D4»©'F73©'!r-h 

isMEi u 3 ymw. t mm)&immi^ it 5 s«« 

«lttaS*?IS^abTi^5o Heps >"Jn>»«lO 
10 0 2 61 mzi)'p>-^t)'^^oic. >";3yafiio 

CO 0 2 7] 02 3 t^-rii^?nTv^^^isi*s«-r 
tmic. V 3 ymut y V a ymim t iD^mti' 5- 

mmti'^f^uym(D^nmmt'frLto!itt.h-:> 
gi5(DT:^®'> y 3 v»« 1 0 h«6it^ 1 2 J: <?)^ 

ffitg*«2ga^M3 0*^5^^?tXTV^?.©-Z:\ S^ff^ 

F ymmf)' 5 a ymcor-mmmif t l s ^ © 
Co 02 8] $fc. ^mmmmicx^^miiimuit. 

y >/ y a 1 4 i; y 3 ym^mitM 2 it ©W® t 

i:^>y uymmitm 4 ^©Mi:g«ffi«affl^3 
2*'S}^i5!c?nr</>^©T\ .i^yi^ynyMi 4{i:^A^ 
ic\.rzi^mm<r)^mim^'y')^ymm!mz 4 t^tt 

Co 02 9] ^fc. *l|gimfci:^¥^ftS«©»3i 
:^a«H37iS08:&ffll/^TfSBai-^o iSSBSHe 



(4) 1tf^2 002-2 63 1 7 

6 

[0 0 3 0] t-r; H3 (a) fc^-rj;dfc, i/yay 
»«1 0±t. aip4. 5 nm®^>y avSMkMi; 

Co 0 3 n ^fcs y- hffii^^ 1 z^m^LTcyv =1 

ymMl 0±fc. M^«\ CVD}*fc<fct). ]U?7 0n 
m©.-K U S/y 3 yH 1 4 

10 Co 0 3 2] -r^j-yaAtit). 4<y:y'j3>K 

1 4lc:^«««f^««A-r«o p}g04?yv'yny|i;&}gfi!t 

M2X 1 0" cm"' t\ B (#ay) 'l':tV^jiA1- 

5o Sfc. nj&(7).i<y^yy3VK:&?^fi^-r:s^ic^i. « 

i!P^x;t-;^=^- 1 0 k e V. F-Xjl4 X 1 o" 

cm"'T\ p (yv) ^^v^aA-rSo 

Co 0 3 3] d-°y yv l 4±lc. ^ij^tf X 
Ay^mciit). IPJ»5nmOWNJ;t)^-5/^y:7rj3i 

1 6;&fg^-rSo 

20 Coos 4] ^7 7 7^1 6±t. mXliT^^iy 

^mi<:i:^)s mm 4 On m(D^NXt)l^^^mmi 

Co 0 3 5] i^t. 1 8±t. m^lis C VDS 

fc<fcDs Kji2 00nm«DS i N<};t)Jt^4^-t'y7'^2 
2^m^-r§ (H3 (b) »W0 0 

Co 0 3 6] i^tc. 7:^hvv^'yy^i^m^m^\ + 
•V'y7°K2 2. ^SKl 8. A77rKl 6. S.tf4<y 
e/ynyj^i 4«/'?^-xy^u ±®5b^+^7:/K2 

2fcHt)nfc. 3}-°y ^/y avKi 4. /^y7T)]ii 

30 8i!3^^4<y^^;VSjg©^-h«ffi2 
0=&Jg^-r;5 (04 (a) « o 

Co 0 3 7] ^^ts ^MSil 8J^tf/Vy77^1 6%^ 

ic y y 3 y SitMfkJi 2 4 ^ii^j^jc t fc. -^^^ h «s 

2 o©«5<DT:^(D->'y ny»« 1 0 hmmm i 

2ii©Wr:Sil^SySfi^«3 0;&j^^L. ^Ky 
i/ y 3 1 4 i: ^> y a y^fb^^m 2 4 1 o^ffifcS 
^ia;iii*M«3 2*j^figt-^o 
[0 0 3 8] c<DX5rj:-yv::tymitMitm2 i'pmm 

40 iS?iafS^3 0> 3 2^*. 07fc^-rj;5:S:7'P-bXt 

-FTfe^o 07 (a) (*fiK)lS[^©iUS%^LTfc- 
07 (b) ti«S{c*A-r^:^"X<D^A«^LT 

07 (c) nmmmBts^^^LT^^^o 

Co 0 3 9] S-r\ 07fc^tJ;9fc. ^^^1^ 
©£E:i3*'^AMJ±s fip-^^ 10 1. 3 k P aCDt^^T, ^ 
K^I*I®Sfi;Sr3 5 CCJiU f^Bmp^lc 1 0 S LM® 

mMrenz:ff7.^mAt^o com.-. m^xcomM^z 

50 OS LMt-r^o ^jKSF^^Sg^S 5 0°Cti& 



(5) 

7 

[0 0 4 0] N2:ff7.(Dmx^^±L. i^mmtH 

[00 4 1] 5 S LM(D5^«-ej5ScMartfcN2 

mx^f^±t^o 10 

[0 0 4 2] m^:. ^mmP^lc. H2:ff:^. HzO:^?.. 

•vu2 0isx(Dmx^mti^f^o coits o. sslm 

[0 0 4 3] j^mmmcmxinrcNo^'TsHmm^^^ 
mt vxmt^ Hz 0 ifximit-m':^ t Lxmm 

[0 0 4 4] Z.(DX5-^W-BM^'T:\ m^liSOO°C. 

6 oi^oDmmmmfv t. ±mm i s a^/^ 'yyrmi 20 
imnmc^if^ n. u u 3 yiK 1 4 odahmbp^)- 

fc:^|?l 0nmcD>"Jnygf[:@S2 4*W?tl^o $ 

mzo (DmwT^cozyv a ysw. 1 0 h ymmm: 

1 2 t©^®{j:g*flrI«MiS3 0*M$n> #'J v- 
U ny^ 1 4 i: i^'J ayMfeKfOiz 4 tOWMlcmm 

©TlgMS 3 2 n?. o 30 

[0 0 4 5] Hs^i, lyvoyt^y-^x'ryiomito:) 

§0 ^*5. ilCD^7'''7 7(J, N.Yamaioto et al., In Pro 
c. 15th SSDM. 94 (l983)*^e.?IMLfcfc©T-$.i.o 
[0 0 4 6] B8*>e.^*^5<kdfc^ H2:«rxi:H2 0;<f 

[0 0 4 7] t<^rjT. H2;9Xi:H2 0;^fXi:(D^J-ffiJ±^ 

tf. ^M^l 8%®{[:-r5Ct^<. .-KUi^y^VKl 

[0 0 4 8] fi/^iJ. ^^gP^^^gS^S 0 O-CtLfc 

^■^tfi. Hzfc^^-rSHa oc^^jmi:;;^ 1 X 1 o"* ~4 
X 1 0"' cD«5fflF«9T'^-rniS<}:V^J:#^&n^„ 

[0 0 4 9] mwi^s.m.{m. yv^ym.{m^'iLfS.-r 

§4^■7XOgB&x^.;^4i— (GibbsFree Energy) *\ ^ 
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?)=¥^VXcOgSx^.;V:^'-a9 9 k c a 1 -e$)?.c 
[00 5 0] c uT\ fflC)^MMf[t-01/^T. 8 0 0 °C 

itt34kcaK Co{i76kcaK CrtilOl 

kcaK Moti;95kcal X%-Dfco Ctlh(D^m 

[0 0 5 1] tJ^-9T. dnS^D^S^^KIKl 8©fff5^ 
[0 0 5 2] $^c. A Us Ag. Pt«<r)*#Mt>. 8 

0 o'c-pas{k?n*t/^i:^x.6ti§o =SfoT. ctie. 

©•^R^^MMl 8CD«5^iiLTfflt/^fcS-&-^-^-pT 

[0 0 5 3] ^/c. ±tBT^J;^ NO:^'X(Dm.M^O. 5 
SLMi;Lfc;6\ N0 79'7,©^atiO. SSLMtcPIS 

LMUT(ommxmKm.^t^c ttf^x^^o 

[0 0 5 4] Hrfc^f-tafCs NO;?fx. Hz 

[0 0 5 5] ^t. 5 S LM(DjSt«T. ^KSF^lcNz 

iST^^mxt^o do^. ^Sf*3©s*^3 0 o°cs 

[0 0 5 6] ^^I^<0^S*^3 0 O'CS-PffiT 

[0 0 5 7] :^(C. 2 0 S LM6[)it«T\ ^^OTcN 
©»A*=&1 OS LMfc-r^o 

[0 0 5 8] c^hXs :r^vyv=iymi 4(Dmmm^ 

SKI 2^;cD»cg^«iifi||«3 0jb«$ns H 

fcfi. jKu nyji 1 4 tyv =iym<tm<m2 4 1 
(Dmicmmmimmmz zm^^n?, mi Cb) 

[0 0 5 9] ^—hmmzo^-^x^thr. 

4- yftA^^f i/\ C tlJc i h 2 0 J69 i/ 

yavS^lOfc. x^^'XrVv'ayy-XFWy© 

?^v^M«%SfiSc-r^^Mtrffif!ii^2 8 a^f^^-rs 

(05 (a) o pJ^MOS h5>i>'X^?(D^^tl 

lOkeV. F-XM5X10'' cxiC X. BPz-T^t 
V^aX-rSo *fc. nMOS h9>-:^x^f®^MW 

nM'mm^m^\z\t. M^ff. iiDax^;v^-i 

5 k e V. K-XM5 X ] o" c m ' T\ A si'^-y^ 
[0 0 6 0] ^K. ^ffifc. fifH^tJCVD^tj:?). ^ 



(6) 

9 

=iymim^mi±:^'yf-y^'v. v-vnmz oris 
ik^^^Ytfu-ivmrn^^m^m^ ms Cb) 
[00 6 1] f~Ynmz oms'^A K'>*-;v 

■r^^MWi(M«2 8 b^Jgfiic^^o pMO S h^^^ 
Aq^x:^.;L'4^-4 5 k e Vs K-XM3 x 1 o" cm"' 

jgx:^;l/4^- 5 0 k e V^ K-XMS x l o" cm 

T\ As^ty^mxt^o 

[0 0 6 2] ^t. mmmm%^i:\ 5 o°c^ 

1 o^(Dmm^n^\ ^msmimmz s a. 28b 

S2 8%J^fi!c1-^o 
[0 0 6 3] il-5LT. i}^';;><^;l/«)SO-y-h«ffi2 20 

0 ^ ^ M o s h y jb^j^fi^? n?. o 

[0064] C(D^^ fc^^gim^fc j; tiiis V m 

m^^^^--y^'Lrcmic. mmmi^^^^s mitm 

^{fclM^J^itt § {c . m y u 3 yiS h v"J n y 

a. ^^v>'V aym(D^it^mit?>ctfi^T^^o so 
[0 0 6 5] «fc^ *iii»^^{Cci;ntf. 'f-hmffi^ 

[0 0 6 6] {mem c^-© i ) ) immm<ri-&m\ 

[0 0 6 7] *^J^Mfc<fcS^»#:S»'OMji^?ia^ 

y 3 ymitmitm 2 e mfmmmmsmm 30.32 
[0 0 6 8] f-r. fmmp^<D^^s 0 o'ci^x'±m 
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[0 0 6 9] H9[u^-r<t9ts ^^^F^t. H 

ziSx. HzOii'X. N2 0;y'x;&Jii^2StALTV^<„ $ 

fc. 0. 4siM(Dm.m'tU2 0:ffx<Dmx^mp!ht 

[0 0 7 0] N2 0:;9'XcD^A(± 5 S LMtPI^ 

S^-rti«J;V\ *fc. H2 0:ifXi:H2P9Xi:(D^)-Ej± 

< , >i< u >"j 3 yn 1 4 (ommii^ic 'y v 3 ysf t^ft 

[0 0 7 1] C(D^orj:mmM'^-^\ M^«'8 0 0°C. 

6 0 'T^ommMmi 9 ^ . 4^ 'J -y ij □ y Si 1 4 ©fflgf p 
^^'fcSKWt ^y y n ySfb^ftSi 2 4 timi^-^ s 
fc . y- h 2 0 <DSBPoT73 5/ y 3 ymu i o 

y- hmmm i 2 i:cD|?ffitS*iffrfiSMft?3 o*^'^^ 
-^tis Hfc . 4^ u y y 3 ym 4 1 y y 3 y sft^ft 

K2 4 k©|^lDt^llffliSS^«3 25b^J^fig^nS„ 
[0 0 7 2] N2 0^'X. H2;flrx. H2 0;^X© 

^^l^^©»A^Ji|S^tp±-ri.o 
[007 3] 2:<D^o:^ti-tx{i0 7 fcs^f^ 1 mmfB 

mx^^mii^^m(Dm&:^mbmmr'^^<Dx\ mm 

[0 0 7 4] C0:>J;:olcmmm^UtLxnzOi}7.^ 

[0 0 7 5] (Mmm (*®2) ) ^mmmmomBm 
<7) 2 ) {c i::^^m^mm<Dmmy5m-^m 1 0 ^^i^ 

rmmt^. mioii. ^mmmici:^iyv=iym^m 

[0 0 7 6] :$:^mmicx?,^{iimm(Dmt:^mit. 

y y 3 y^it^ft^ 2 4 mmm^mm^ 30.32 

[0 0 7 7] S-f. ^llgF'gcTDlgfi* 8 0 0°Cg-t?±# 
L. N2:«'X©#A^if'it-r-5$T©7°a-bX{i, H7 

[0 0 7 8] HI 0fc^-rJ;7fc, fmw.n\c. 

niO-^T.. NH3;^7'X*|lR^^ALTi/Ko 
*-r. 1 S LM<DiJS»TH2:«fX<D^A^W$&T§o 
fc. 0. 4 S LMCDM»T?H2 0;9~XcD«A^Wl!^-r 
So C<r)"<A. 0. 1 S LM©j5^-eNH3;?7'XcO#A^ 

[0 0 7 9] ^$3. nmiSTsCDm^mto. islmic 

ffiS^nS ©T'fi:^: < . m^if 0 . 5 S L MJMT®® 
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[0 0 8 0] C(DJ;^:&5H^^t^•^^ #!|^«8 0 0U 

^~ \ mm 1 2 n oynm^mmmsm. 3 0 

^ ns fis 5^ y r3 1 4 1 y r3 ymmt 10 

[00 8 l]:^fc. HzO-ffX. Uz:ffX. H^OjSTX© 
[0 0 8 2] C(Dtk(D-fci-kXiim7ic^t^im^ 

m\c3::&^m»mm(Dmmfimmmr-^^(Dr. mm 

[0 0 8 3] c(Dx^icmm^^MtLrNm:ffx^ 

[0 0 8 4] (^mm ("tiDs) ) ^mmmmo^mi 20 
xmrnt^. 01 His *^}^wci5s/y3yg{b^ 

[0 0 8 5] *^^1^Jt<fcS¥^ftg«cDSig7a?£tt. 

V 3 >sffc^ftM 2 4 Rism.mmms.m^ 30.32 

[0 0 8 6] *-r. ^]lSl^CD?gaF:&8 0 0°C*-e±# 

U N2;^rx®#A*4Jih-r«*-e®7°D-lrX{i. ^7 30 

[0 0 8 7] ^t. ^lSf*It. NHs^^X. H2 0;^7'X 
^/li^«ALT(/Ko 0. 1 S LM<7)§^Mt?NH 

, a X(DmX^ f^P^T^o 0. 4SLMO?^L»-e 

Ez o0x(Dmx^mttbt^o N H» p{f;^fc-§-$nsg* 

ny V 3 ysft^ft^ 2 4 ^mmmms.m^ 30.32 

±T^m7i'li:»'XtLrmmT^o 40 
[0 0 8 8] :^*3. NH3;9'XCDi^Mti:0. 1 S LMt 
PIS^tl'5fcC-Cti:S;<. ^ijK.i^O. 05~0. 2SL 

[0 0 8 9] cc>j;^^^HM't>-^s M^{f8 0 0U 

6 0 j^(Dmm^n ot. t° y >- y n >^ 1 4 jiggp 

fcs -ir"- h 2 0 (Di^moTUcD y V a ymm. i o t 

h m^m 1 2 ®^ffi{cgmistisfg« 3 0 mm so 



WPfl 2002-26317 
12 

HfcfSs d^yv-y^y^i 4 .h^^ynygMt 
1^2 4 t(Dnm^^m-MmAmm ztimm^n^o 
[0 0 9 0] m^s U20^x. nn^^xcD^mp^^ 

[009 1] ^ (0^(0^x3 -bxttH 7 ic^-r® 1 mm 
mxi^:^m#mm<DmiS.-:^mmmr^^^(ox\ mm 

[0 0 9 2] :$i^mmicxrnf. nnsiz-^^n^ym 

-^-efe^Tt. 0 1 ic^tm 1 ^mmtmmo^^mw 

[009 3] mmi 4 ) ) :$:mmmm(Dmm 

rmmt^o 01 2«. :mBm\z^?>'yvaymim 
^mRismmismsmm<Di^myu^x^mr'^^h^ 

[0 0 9 4] *^fg«t<t;&i#»^*g«cr)»3g7JfeSS. 

y y u ymimim 2 4 Rx^mmmwrnrnm 30.32 
^m!S.tmic. Nz ^xxmnLrcmmmm^^ c 

[0 0 9 5] $-r. nzisx<DmK^f¥±L. mmp^ 

^Mmct^^T(Dyv^xit. miiz^s-rmmm^ 
mici:^mwm.m<Dm^y5mmmxh^(DX\ mm 

[0 0 9 6] mm^filz. 5 S IU(DMMXN2 

^'x(Dmx^fm^t^o Nz^^xii, ^^^xtLxm 
mt^h(Dxh^. 

[0097] ^tc. li2iJX(Dm'X^t^±t^Ctrx 

<. H2:ffX. HzO^'X-. NO^^xmW-kmXLXh' 

<„ I sLM(Dm.mxH2-ffx(DmK^m^t 
So mz. 0. 4^iu(DmMxuzonx(Dmx^m 

iht^o Mz. 0. 5 S LMt0^aTNO;9'XiD^A^ 

mmu mm(Dztimmi2 e. 7 k p asai: 

[0 0 9 8] N0;;!fXO^a{J 1 S LMtll^? 

3 1 4 jiggu^^fc 5/ y 3 ymimim 2 4 

0;9~Xi:H2;^^'Xi:NO;9'XC»:^mbti. 2 : 

i~5 : i(Dmmxm'm^ir?,ctii^x'^?,o 

[0 0 9 9] C(Di:or^^m^^X\ M^f*'8 0 0°C. 

6 0 ^(DWS&m^'^i ^t. y y y ^ y p 1 4 ©wmsp 
^fcss^egt y 3 ygft^K 2 4 n. s 

/c . h «S 2 0 (Di&(DTy3(r) y y n yS« i o ^ 
-y- MSeK 1 2 i:O^Sfcg^SiIAtg«3 OA^J^sSc 

r^vyjziymi 4ty')::iymim{t 
m2 4 to^mizmmAmmmm zmmn^. 
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[0 10 0] ^fc. N0;9'X. H2 0;^X. U2:0:^ff)^ 

[0 10 1] cmm^n^^imi \z7rstw,imim 

[0 10 2] *^JgWi:<t5tcN2;^'X-e#IRLfc»H 

[0 10 3] (^mm (^®5) ) ^MmBm(DMm] lo 

(^©5) fc^S^ji«#eB<DSii??S:&Hl 3*fflV^ 

[0 10 4] *^JfMtj;;S¥«#:g«£DS3S73afi. 

y rj vgffciiftM 2 4 msmmmmmm 30.32 

[0 10 5] $-f\ Nai^'XO^A^'I'ihL. )?ScK^f^ 

%*?gfc-r-ss-ecD7°D-b7.{i. mjicTnt^mmiB 20 

[0 10 6] ^t. ^lgSF*i|{c, 5 S LM©itM-eA r 

[oio7]^t. n2iS7s<Dmx^^±t^ctrj^ 

<o MWmcii.. *-r. 1 S LU(D^XHz:ffy!.(Dm 

X^mt^t^o ^t. 0. 4 S LU(r)mMl:'H2 0ii7. 
<DmX^mPh-r^c ^Alc. 0. SSLMcDi^STNO;^;' 30 

x(Dmxmptu mmmms.f}^mxiiz6. 7 k 

p an&tt^o 

[0 10 8] ^$5. NO:^(~XcD??itMa 1 SLMfcPI^? 

4>&j^^Tt^^T'jii:^-rn«j;t,\ $fc. m 

1 0 : 1~4 : 1 0 : 5o:i^mxmm&^t^C tti^X 40 
[0 10 9] C(DXdr^mmU^X\ M^t^BOGU 

6 0 j^(Dmsm^'i7 ots y 5/ y n 1 4 oijif 

i^im9imc y y n 2 4 ^ tx. $ 

fc^ V-Ynmzo ©»<DT:^oe/y 3 y»« 1 0 1 

V- Vimm 1 2 i:osffi{ca*sfis^« 3 0 
zn. M t y y 3 1 4 y n ysft^ft 
112 4 j;©w®fcs*ffi?iaii^3 2*w$nsc, 

[0 110] NO;^'X. WzOiSX. }izn7.<r>m 

mMn^<Dmx-^mM^±t^o 50 
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[0 111] i^fc. A r ;?fX©figM^F*9^®«A^ff ± 

[0 112] z.(DfA(D-fx:i^x\mi\c7r<tm\mm^ 
[0 113] ifs:f&m\z.^b\zhv^7sX^^hTmm 

[0 114] [mzmmm ^mmomzmmBmic 
i:^mimm&xs=t(Dmmy3mm 1 4nmm 1 6 ^ 

g^^TirffiHTafeS^ 01 5}i. *IISlJ]^®fcj;§^ 

1 nmm 1 3 ic^-rn 1 mmBmi^i:^^mi^mmRxs 
xmrn^'^^-^Tcimmi^t^o 

[0 115] *^MCcl;;s^^#:^Hfcot,^ 
[0 1 1 6] HI iic^^ti^^ic. iKy^vya^jKi 4 
Ti^^o *^*^s^>y3ys{t:^f[:M2 4 ai±^ mimm 

[0 117] m<Dm^^mic'Di,^xii. m 1 ic^tm 1 
nffijg^tc J; ^^m^mmtmmxm(Dxmm^'im 

[0 1 1 8] ^t. ^mmmmicx:h^mwmm'Dmm 
j^Sfcov^Tiai sRxsmi e^m^xmmt^o 
[0 119] ^mmBmici:^^mi^mu(D9myjm 
y >' y 3 >mmm§mc 'y y a v^ft^^^j^ 

[0 12 0] S-f. y-h«ig2 O^J^^r^ST'tDI 
mi. 03 (a) 7!rM04 (a) f^^t^ 1 HKf^Mt 

[0 12 1] ^fc, 015 (a) t^t^^t. ^mm 

1 8Rt?/^y7rJPl 6J^^{t-r§i^:;S:<. j}<yi/y 

a:/^l 4cDflJiggp^>fcSf^65t>/yny^ft^2 3^ 
W'^t^o £:©<t9*i-'y:3y^{fcjg2 3ti. 016te 

[0 12 2] $-f\ nziS7s(Dmx-^^iti.. ^m^n 

[0 12 3] J^fc, 01 6fc^-rj;dt. ^SF^t. 
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u'D^mTUz:^'xcDmx^rmn-t^o o. 4s 

;tl«flJ^}S4 kP at-r^c 

[0 12 4] li^. Uiotuz iico^mmt. ^mmi 
ym 1 4 (Dmmwj^imMmic i/ v a ymimm z 4 

[0 12 5] *LT. ^Si^l*!tDfiS^8 0 0°C$T~± 

6 0 53^©i&ma%tT "yt. 4-° u y z^ymi i mmu 
[0 12 6] :^{^:^ mo^x<Dm^f*i^(Dmx^m 
[0 12 7] ^{c. Uzn7.(oi^mm\H-\(Dmx^mj 

mio yv:::iymim2 3mcmmt)mx-&tixy 
'J 3 ySfk^fb^ 2 4 a fc^ D ^ s fc. >-K u 2/ y 3 ym 

1 4 ^ a ^'Sfc^itSi 2 4 a ®W®fcS«ft?Sfi 20 
M« 3 2 ;^)^f^^ ^ ti. H t ^- h «S 2 0 

TTafOv-y 1 0 i!^- vmm 1 2 tows 
fc. mm^^smms ot>^B^-sn?> mis (b) # 

[0 12 8] }iO^XtHz:ffXt(D^mtit. 
1 : 1~0. 2 : KDWrnTmSM^t^ct 

[0 12 9] ca}'i^(D^mmBmic^:?>^s^mwmm(Dm 
^^^mimm(Dmm-^mmmT:^^<Dr\ wm^m 30 

[0 13 0] CtDi^fc.-Kyv'yayMl 4<DiiMa5^ 

tss^&5iti/y3y^{[:Si2 s^J^fiSctm g««ig 

fiMiWaO. 3 2^?^^•r^:l^T^fe•^Tfe^ 0 1 

[0131] (mm 1 ) ) 

(^©1) JcJ;^4^i|#;^B®Sii^^^Hl 7^ffli/^ 

[0 13 2] :$:mmiici:^^^m#mmcDmm.ysmts 

3l^S*^«A^^J;J;tfc, mSiiS^MSo. 3 
[0 I 33] *-f> J^KH^f^fc. Hz-ffXRr^HzO:^?. 

%»XLTs y ^> y 3 >is 1 4 (ommmmnmc 
iyvaymim2 3^m^t^:fti'tx^vit. mie 
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[0 13 4] mi Hz^tXvlZ. BzOiSXCD 

mx^^ijL. m^s u2:ffx(Dmx^^^TT^o 

[0 13 5] mc. 0. 1 S LU<Gm.m-VNH,-^'X(D 

^(omm^mt. iyv^tym^zsm^mmnj^m 

A?nT->y aygWt^Z 4 at;^!?, $/c. .-Ky 
2/ y 3 yfii 1 4 2; 5/ y 3 ymitmitm 24a ^icdi^bic 
^*igffiSM«53 2*^}^^^n. Micii. ^-hmmz 
0 io»(^)T:^®>^y 3 1 0 ^y- MSisM 1 2 

[0 13 6] <i©^<Dr/n-bxa0i 6te^-ril2*SS 

[0 13 7] c(D^v\€mi,-ffxi:^js.^m-m^^m 

v^s^^T-s-pTfe. >'y3y^fi:^2 3tg*;&»A 

L T y 3 y Sf fc^ffcM 2 4 a^ms^t^Cti)^T^. 

g*«rIS«|iS? 3 0. 3 2 ^J^^-r^S C tff-^^^ 
So t^oT. *^3^^lJt^-3Tfes 01 4\C7r^tm2m 

[0 13 8] m^m (^(0 2) ) :mtmm(Dmm] 

TKiBJ-rSo HI 8ti. *^j^^Jtj;;si/y3y^{i:^ 

[0 13 9] :^mmi\ic^^^mwmm(Dmmyjmit-. 
ymim 2 3 fc^«:#x-r s i: i: t> fc. mmmms.m 

«3 0. 3 2^5^^-rSi:fctc±*#®^i^fe§o 

[0 14 0] £-r; imMmc. H2;^'x&tfH2 0*'x 

LT t° y i^y 3 ygl 1 4 (DH^gR^fcSS^Wt i> 

y3y^{[:^2 3%J^fi)ct-57°a^xSTii. Sl6t 

[0 14 1] ^fc. 01 Sfc^-T-t^fc. H20:<fX(0 

«A^«f7L. C©^, H2;*)'7.cDWA^IIT-rSo 
[0 14 2] 0. 1 S lM(D^m'i:-NU3 ^'X(D 

X<DmX^m^-f^o ilcD<td^|?ffl^f|3-e8 0 0°C. 
3 o^cDWMM^n^ i^y3y^{l:^2 3F^tg* 
;6^#A$nTi>-y3>'SftS{tM2 4 ai:^0. Sfc 

ij<y s^y 3y^ 1 4 i;-:/y 3y^ft:^fl:K2 4 a J;cd# 
®{t:s*s;iifi^«3 2*«?n. ^-vm 
mz Q(om^<D'r:^(Dy^)uymm. \ o t^- ymm 
1 2 fco^ffifc. mmm^mmL3 o*w^nso 

[0 14 3] ^fc's NO;9'XtNH3;^^XtO^>jIJ;b 
«x mti'x 1 : 1-5 : 1 (D®fflT?®aK^-ri> d i: 

[0 14 4] mz.. N0;9"X<D«p;A^i^7L. C®^. 
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NHs :9'X©3iX%*«7-r^o 

[0 14 5] ii<7)fi®7°n-fexaiiii 6ic^.twzmm 

^Ctti^V^^o f^oT. *SWcJ;oTfe. ai 4 

CO 1 4 7] (Mmi (^(D3) ) :^mimm<D^mi 
(*® 3 ) j; § ^^m»mu(Dmm.-^m^ 0 1 9 ^ ^ 

Co 1 4 8] :^mmi^i^?>^^mwmm(Dmmy3mt. 

mim 2 3 fcg,*^^A-r ^ tti>ic. mmmm^mm 

3 0. 3 2^)^^1-«C^{CiS:#1t;6^a5-5o 20 
CO 1 4 9] $-r. ^^F^tt, H2:^fXSlfH2 0:?fX 

*»ALT4<u yv 3 1 4 (omm^mcMiRmcy 
v:3ymim2 3^j^^i-^xg$-eti. 01 eic^r 

Co 1 5 0] i^ic. HI 9t5^-ri;dtc. sicMSl^^© 

CO 1 5 1] i^fc. 5 S LMcDj?^ai?N2 OiSX(DmX 
*r?S^-r -So C«id;d^||H^ffiT8 0 0 °C. 3 0i)-CD 30 

^M^ff ^ 3 y^ffc^ 2 3 m^mmbmK-^ 

nry v n ygft^ftji 2 4 a t . $/c. y u 
1 4 ii^xu a>'Sft;MfclS2 4 a i:©|^[igic^* 
iSlig«l«3 2*Wfi!c$n. Ht^i;. ^-h«ffi2 0© 
^P©T77©>"; n y»« 1 0 t^^- Mg^M 1 2 t(D 

Co 1 5 2] E2:ffXtN2 0:i}Xt(Dj^Emt. 
m^i-i. 1 : 1~1 : 5(r)9mx^msm^t:hctii^T^ 

C0 15 3]^tC. N2 0:ffX(DmX^^Jh. C<D 40 

Co 1 5 4] c(Dr^(Dy''u^ximi eicTjktmzmm 

CO 1 6 5] C(DJ:vicN2 0:ffXtH2:ffXtJi:^m^ 

mm^mxbTyv=iymimimz 4 a.^m^t^^ 
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[0 15 6] {mm (^©4) ) ^mmmffymBm 

\-YX'^^o 

Co 1 5 7] if^'f^mizsi^^mwmmo^mwmt. 

ym{m 2 3 iz^m^mxt^ ttuc. ^m^m&m 

m3 0. 3 2:^]^mt^CtlZ^rj:Wm'^^^o 
[015 8] S-fs mmmc. HzyffX. HzO^'X^ 

mXLxt° V yvaymi 4 ©MMsR^jHcSKWfc y v 

=iym.imz 3^mi&t^xm^xit. mi 6ic^t^ 
xmrn^'i^mt^o 

Coi5 9]^t. mzoic^tii^iCs HzO-^'XO 

mxm»7L. ^(Dik. Ez^x(Dmx^mjt^o 

[0 16 0]i^t. 0. 1 SLU<Dm.Mxnm:ffX<D 

mX^miht^o MiL. 5 S LMcD?^«TN2 0:9^7, 
o^MX^m^t^o C©j:^*||fflMptil?8 0 0°C. 3 

0 %(fmimm^ r>t. i/ y a ymim 2 3 nitmmt'^ 

mx-^tixyv:^ymimitmz4 atrj:f:). Sfc. 
V v-U a^M 1 4 tyvaymimimz a a i:©Wffi 

\^'&mwmmi.3 2imwL-^XK. Mtct*. y-h^® 

2 0 cOi^f |3a)T7?0'> U 3 1 0 ^ h 161^ 1 

[0 16 1] ^*5s NH3;^J~Xi:N2 0:^~X^CD:^ffi:t 
{i> ««J^fi. 1 : 1 0~l : SQommxmKW^t^ 

[0 16 2] N2 0-^X(DmX^mjU C(D 

Wi. \iU,-ffx<Dmx^mjir:^o 

[0 16 3] c(r)W:tr)~fv^ximi eic^tmzmm 

[0 164] C(DJ:^lcN20:ffXtlin,:ffXtXiyi^ 

^mm%^m'^m^x-k>-ox^. yvr^ymimzs 
icmm^mxvxyv ^ymimim2 a a^Bi&t^ 

^Cttf'X^^o fjfoT. *^JgMfcJ;oTfe. 01 4 

m^mmt^ctifx^^. 
[0 16 5] (^m (^©5) ) :mmm(Dmm 

(^©5) fcJ:S^}iWft^«©m:^}i^02 I^ffl^^ 

TfiHjtSo 02 la. :m^m\^i^^'yvzjym{m 

[0 16 6] *^J^^Jfc<};^^»l*g«(DSy3fi:^!4ti. 

3t^lS^^A-r§i;tfefc. g^iSagfM^^S 0. 3 
2 <: i:fci:ft!|f m;b^S.5o 
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[0 16 7] s-r\ i^z^:^cDmx^^±u i^mm\H 
[0 16 8] 02 1 m'smmz. 

[0 16 9] n2:ff:;t^(Dmx-^^±f^ctrj: 

$-r. 1 S LM©?ta-eH2:^'Xff)#X^I8^!&tSo ^ 10 
{C. 0. 4 S LM®i^«7:-H2 0;9^y;®^A^r^|!&U 

fi!c^^rt©aE:^«-MK.}f 2 6 . 7 k p anmtt^o 

[0 17 0] c(D^^^mm%^r\ mxiss 0 o°c^ 
6 0 ^(Dm^m^n ^t. 4< y u n 1 4 (om^^ 

[0 17 1] mc. U2A^XtNz:ffX(DmX^^TT^ 
[0 17 2] Mc. 1 S LM(Dm,m-VNOi}X(Dmk^ 

0 j^commM^i dt. ~> V a ymim 2 3 i^itcs**'^ 20 
V y vnymi4t -y v a ymitmim 24a tonm 
2 0 (DmmTys^yv y&m 1 0 1^- hm^m 1 

2i:^D|^ffi^c^ SUSriail^S 05!)^mfig2tl?.o 
[0 17 3] NO^^xi:H2:*fX^;N2;^fXt®^^ 
Etfctts 0. 2:1:5-1:1: 5(D®HT- 

[0 17 4] ^{C. NO;irxtD»A*i^Tt. C®^. 
Hz *^X©«A%i^T-r^o Mfc. N2;ffX<D^X^1^7 30 

f -So 

[0 17 5] c®m«>:/a-bxa0l 6{cg^-r^2||fiS 

[0 17 6] *gJ^Mt<fc^lcN2;9~X-effi-|RLfcl?B 

^«AbT'>y3yS«[:^2 4 a^jg^t^c^*'! 
Sfc> SEiSrlS^J^s 0. a 2^j^^-rSiii: 

m2||S|J^^fcJ;?,^«f^cgKi:|Sia<?)¥^#:gH^S 40 

[0 17 7] «M c^<7)6) ) :mmBm(D^m^\ 
6 ) ii^^^mmmo^mm^mim z 2 ^mv^ 

TfjB^-r^c mzz^is :$^^Bmic^^-yvaymitm 

[0 17 8] -^mYemi^^^^mwrn^i^mw^mi. 
A r ■^'xx^m^ntmmm'^m^^xyv oym\m 

2 3 {cmmmx-^^ ttt>\z. mmmmmm s 0 . 

3 2 ^j^^-r ^ c h fc^:%#m*^3&^o 50 
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[0 17 9] *-r. N2;?fXiD^A^^i±L. ^MSf^ 

[018 0] fialSl^^c^ 5 S LMC>MM-r-A r 
[018 1] kri37.<r)mX^^^±-t^z.}irs. 

<. Hz^x }i2 0ii7smmmxLxh^<, mmc 

It. $T\ 1 S LMcD?rL«?H2;9'XcD«A^W5&t- 
^„ ^fc. 0. 4 S LMcDjS*-eH2 0;^7X«»3iA*W 

mmn(r)S±^m^i-i2^. 7 k p a@gi:-r 

[0 18 2] C©J;9&#H^cfi-^> M^{^8 0 0°C. 

6 o^(r>mm^m t. ^y v/y 3 1 4 cofiasgp 

^fiis?s5fc>^y3y®{t:si2 3*w$n^o 

[0 18 3] H2;«'Xi;N2:«~XO»A^II7-r^ 

[0 18 4] ^fc. 1 s iU(DmExnoifx<Dmx^ 
0 ^(Dmm.m7^ t. y y a y^^^ 2 3 i^ts*;^?^ 

mX^tlXiyVaymim<m2 4atrj:i:). $fc. 

y y n >M 1 4 i: ^> y n y gft^fkM 2 4 a i: mm 
2 ocD®E(OT:6r<05^y 1 0 ^ly- vmm 1 

2 i;iDMe:> g^i«jiSM«3 ommmo 
[0 18 5]«;$3. n0i:7.tliz-ff7.tkriJXtc:> 

^wts 0. 2:1: 5~i : 1 ; scomm 
[0 18 6] i^fc. lioisxcomx^mrh. z.(D%.. 

[0 1 8 7] C€ifICi7°D-b::^ti;0 1 6t^-rB2^^ 

[0 18 8] *^J^Wfc<};7fcA r ;*rx-e^bfc:SH 

^^mv^^^-grfS-DTfe. >'y3y®([:K2 3{cg^ 
^»AtTyy3ys™t:^2 4 a^j^^-rsiii:*^ 

$fc. ^^?igf||«3 0. 3 2^m^t^Ct 

*^T-*^o tA!-3T. *^m^Jfc<j;-DT^>. 01 4fc^t- 
^ 2 limbic 

[0 18 9] mmmBmi :^mii±mmmBmic 

[0 19 0] m ixti^2iiBij^MT{is 
m.n(0^m^ 8 0 o'ci: LTs^y =iygfl:^t:^-sf>g^ 

0 Ot;~l 0 5 OtClBHv iff*L<(i;7 5 Otl—S 5 
0 Xaymmx^W^L-X J; v-'o 
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[0 1 9 1] gfc. m\mimm(Dmmi (^od n 
^mem (^o3) fc$5i>T> n2^7.^kti57.^m 

Co 1 9 2] ^fc. f^zmmBm(omBm (^od n 

mm^m (^(DA) fcfe^^T. N2;ifX^Ar;?X*ffl 

[0 1 9 3] $fc^ ^lJ^C;m2iygJ^«t?a. N2P?f 

"PA r ;^"Xfc|5I^$tl^fe©-efi^<. M;1«X e 

7.. KT:ffXm<D^MX:^m^-'XmRLX^i:h\ 10 

[0 1 9 4] $fcs ■ffxmMii. miMsmzmmm 

X^Lrc:^xmMlcm^-Sti^^<DXI,Uj:< . ?m.<D'y 
[0 19 5] 

[0 19 6] $fcs *||B)!fcj;na\ 

-^y^Xfcfifc. mimFStMTii'f 
^t^^t^:»'xMmn,^xmmM^ndox\ 

mcmmMmmmm^ms^t^<itii'^x^:&o yv:ny 
mmt^-hmmmtmrnicmmmmmmmm^^ 30 

mmcD'mmrjimmi 

im 1 ] *5SH^o^ 1 mmBmic^^^mi^mm^^^t 

[03] *^B^cD^ 1 mm^mic ^ -s ^^sa^sig 
:&m^^txmmmm (^^o 1 ) ts-§o 40 

^ffi^^-ri@R®0 (^(7)2) XS>^o 

m 5 ] *iSB^cDB 1 %imm\^ ^ ^ ^mf.mm(DWSk 

^rs^^-rxigfrffis (^tD4) T?fe«o 
[07] *^B^cD^ 1 mmBmi^ i -§ u 3 ym\m\t 

[08] ~>U3>i:^y^xxy©^{towi^*3^^^ 50 
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[09] *liB^®^ 1 ^StJgSifD^J^M (^©1) tJ: 

[010] :^mmm\mimm(DmBm (^©2) t 
i ^ ~> u 3 ym\m\mm^-mmmmmf&fu 

[011] *^Sg(D^ 1 ^S©^^^^)SJ^M (^-©3) \c 

[012] if.mnm\%mm^om^m {^(da) \z 
i:^y^)u ymm.\mBijsmmwSi&mm<DWr^-:tx:i 

[014] *l§0fl©^2|l3gjg«|tj;§^^#:g«;&^ 
[015] *ltB^om2*Mff^^fca;^iis«ii:^«(DS 
[016] *^0^(DS2^figJ^Mi:j:Sixy3vSft:^ 

\-vx-^^o 

[017] *fgBJ<Dm2^StmMOSJg^!j (^©1) 

ym\mmBas^mmmmmm:^ti 
[018] ^mMtDrnzmmBmo^mm (^©2) t 

[019] ^^m<D^zmmmm(Dmmi (^®3) t 
ist/'j nymitmimRxsmmmmmmmmj^yu 

"aX-^Tf-t^^hi-^r-YX^^. 
[02 0] *^H^0^2|l3SJg^£D^JgM (^©4) fc 

[02 1] *l80^©®2SBEm©^J^0ij (^©5) 

[02 2] *^B^cDm2|im^©^J^M (^©6) fc 

j; 5 ^> y 3 ymimimBi.ismmmmMm(D^^fti 
[02 3] aiig?nTt.^§4^^«*^-r!Wffi0T'fe 

[It^cDiiB^] 

1 z-^-vmm 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor device which is provided with the following and characterized by 
introducing nitrogen into an interface of said silicon substrate of a lower part of an end of said 
gate electrode, and said gate dielectric film by concentration higher than concentration of 
nitrogen in an interface of said silicon substrate [ directly under ] of said gate electrode, and said 
gate dielectric film. 

Gate dielectric film formed on a silicon substrate. 

A gate electrode which has the metal membrane which was formed on said gate dielectric film 
and formed on a polysilicon film and said polysilicon film. 

An insulator layer selectively formed in a side wall part of said polysilicon film. 

[Claim 2]A semiconductor device, wherein nitrogen is introduced in the semiconductor device 

according to claim 1 by concentration higher than concentration of nitrogen which can be set 

also to an interface of said silicon substrate [ directly under ] of said gate electrode, and said 

gate dielectric film or an interface of said polysilicon film and said insulator layer. 

[Claim 3]A manufacturing method of a semiconductor device characterized by comprising the 

following. 

A process of forming gate dielectric film on a silicon substrate. 

A process of forming a gate electrode which has a polysilicon film and the metal membrane 
formed on said polysilicon film on said gate dielectric film. 

A process of introducing nitrogen into an interface of said silicon substrate of a lower part of an 
end of said gate electrode, and said gate dielectric film while heat-treating in a gas atmosphere 
which has oxidation and a reducing action including a nitrogen atom and forming an insulator 
layer in a side wall part of said polysilicon film selectively. 

[Claim 4]A manufacturing method of a semiconductor device characterized by comprising the 
following. 

A process of forming gate dielectric film on a silicon substrate. 

A process of forming a gate electrode which has a polysilicon film and the metal membrane 
formed on said polysilicon film on said gate dielectric film. 

A process of heat-treating in a gas atmosphere which has oxidation and a reducing action, and 
forming an insulator layer in a side wall part of said polysilicon film selectively. 
A process of heat-treating in a gas atmosphere which has a reducing action including a nitrogen 
atom, and introducing nitrogen into an interface of said silicon substrate of a lower part of an 
end of said gate electrode, and said gate dielectric film. 

[Claim 5]A manufacturing method of a semiconductor device characterized by introducing 
nitrogen also into an interface of said polysilicon film and said insulator layer in a process of 
introducing said nitrogen in a manufacturing method of the semiconductor device according to 
claim 3 or 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a semiconductor device which has a gate 
electrode of the polymetal structure which started a semiconductor device and a manufacturing 
method for the same, especially deposited the polysilicon film and the metal membrane, and a 
manufacturing method for the same, 
[0002] 

[Description of the Prior Art]Recently, low resistance-ization of the gate electrode is called for 
with high integration of a CMOS transistor, and improvement in the speed. 
[0003]The so-called semiconductor device of the polymetal structure which laminated a 
refractory metal and polysilicon by making a gate electrode into the low-resistance-ized art is 
proposed. The semiconductor device of this polymetal structure for example, Low~resistivity 
poly-metal gate electrode durable for high-temperature processing, Y.Akasaka et al., IEEE Trans. 
Onelectron It is indicated by Dev.43 and 1864 (1996). 

[0004]The semiconductor device of the polymetal structure proposed is explained using drawing 
23 . Drawing 23 is a sectional view showing the semiconductor device of the polymetal structure 
proposed. 

[0005]As shown in drawing 23 , on the silicon substrate 110, the gate dielectric film 112 which 
comprises a silicon nitriding oxide film is formed. The buffer film 1 1 6 which comprises WSiN 
formed on the polysilicon film 114 and the polysilicon film 1 14 on the gate dielectric film 112, The 
gate electrode 1 20 constituted by the laminated structure with the metal membrane 1 1 8 which 
comprises W (tungsten) formed on the buffer film 1 1 6 is formed. The buffer film 1 1 6 is to prevent 
the high tungsten silicide of resistance from the polysilicon film 114 and the metal membrane 118 
reacting, and being formed. On the gate electrode 120. the cap film 122 which comprises a silicon 
nitride film is formed. 

[OOOSjThe silicon oxide 123 is formed in the side wall part of the polysilicon film 114. The silicon 
oxide 123 is for aiming at relaxation of electric field concentrates while removing the damage 
introduced when the gate electrode 120 was patterned. 

[0007]The sidewall insulating film 126 is formed in the gate electrode 120 and the side 
attachment wall of the silicon oxide 123. In the silicon substrate 110 of the both sides of the 
gate electrode 120, the sauce / drain diffused layer 128 of the extension source drain structure 
constituted by the impurity diffusion region 128a and the impurity diffusion region 128b are 
formed. 

[0008]The gate dielectric film 1 1 2 is the field 1 30 expressed by attaching shade and shadow 
among a figure, and nitrogen concentration is high. Since the field 130 where nitrogen 
concentration is high is formed into the gate dielectric film 112, It is controlled that impurities, 
such as boron introduced into the polysilicon film 1 14, fall out to the silicon substrate 110 side. It 
is controlled that the impurity introduced into the impurity diffusion region 128a which 
constitutes an extension source drain is inhaled by the gate dielectric film 1 12 and sidewall 
insulating film 1 26 grade. This principle for example, High Performance & Highly. It is indicated by 
Reliable Deep Submicron CMOSFET using Nitrided-Oxide, KIrino et al,. 1999 Symp. on VLSI 
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Technology, and 9A-2. 

[0009]The tungsten used for the metal membrane 1 1 8 is a material which oxidizes easily. If 
tungsten oxidizes and it becomes WO3, resistance becomes high and cannot attain the original 

purpose of the semiconductor device of the polymetal structure of low-resistanceHzing of the 
gate electrode 120. For this reason, it is necessary only for the side wall part of the polysilicon 
film 114 to form the silicon oxide 123 selectively, without oxidizing metal membrane 118 grade, 
when forming the silicon oxide 1 23. So, in the semiconductor device of the polymetal structure 
proposed. The silicon oxide 123 is selectively formed only in the side wall part of the polysilicon 
film 114, without oxidizing the metal membrane 118 by heat-treating in the atmosphere 
containing which has the oxidation, and H2 which has a reducing action, after patterning the 

gate electrode 1 20. 

[0010]In the semiconductor device of such a polymetal structure, since the metal membrane is 
used for the gate electrode, a gate electrode can be low~resistance-ized and it can contribute 
to improvement in the speed and high integration by extension. 
[0011] 

[Problem(s) to be Solved by the Invention]However, in the semiconductor device proposed. 
Since oxidation advanced also in the interface of the silicon substrate 110 and the gate 
dielectric film 112 when forming the silicon oxide 123 in the side of the polysilicon film 114, the 
field 1 30 where nitrogen concentration is high might estrange from the interface of the silicon 
substrate 1 1 0 and the gate dielectric film 1 1 2. If the field 1 30 where nitrogen concentration is 
high stops existing in the interface of the silicon substrate 1 10 of the lower part of the end of 
the gate electrode 120, and the gate dielectric film 112, Impurities, such as boron which hot 
carrier resistance may deteriorate and was introduced into the polysilicon film 1 1 3, might fall out 
to the silicon substrate 110 side. 

[0012]In the semiconductor device proposed, according to the hot heat treatment process, 
impurities, such as boron introduced into the polysilicon film 1 14, may fall out in the silicon oxide 
123, and depletionHzation of the polysilicon film 114 might arise. For this reason, good BT stress 
tolerance could not be acquired and gate resistance might fully be unable to be reduced. 
[0013]In the semiconductor device which has polymetal structure, there is the purpose of this 
invention in providing a semiconductor device which can secure hot carrier resistance, and a 
manufacturing method for the same while controlling depletionHzation of a gate electrode. 
[0014] 

[Means for Solving the Problem]A gate electrode which has the metal membrane which the 
above-mentioned purpose was formed on gate dielectric film formed on a silicon substrate, and 
said gate dielectric film, and was formed on a polysilicon film and said polysilicon film. It has the 
insulator layer selectively formed in a side wall part of said polysilicon film, It is attained by 
semiconductor device, wherein nitrogen is introduced into an interface of said silicon substrate 
of a lower part of an end of said gate electrode, and said gate dielectric film by concentration 
higher than concentration of nitrogen in an interface of said silicon substrate [ directly under ] of 
said gate electrode, and said gate dielectric film. Thereby, since nitrogen is introduced into an 
interface of a silicon substrate and gate dielectric film at high concentration, a good 
semiconductor device of hot carrier resistance can be provided. 
[0015] 

[Embodiment of the Invention][A 1st embodiment] A semiconductor device by a 1st embodiment 
of this invention and a manufacturing method for the same are explained using drawing 1 thru/or 
drawing 8 . Drawing 1 is a sectional view showing the semiconductor device by this embodiment. 
Drawing 2 is a graph which shows the nitrogen concentration distribution in the field near the 
interface of the gate dielectric film of the lower part of the end of a gate electrode, and a silicon 
substrate. Drawing 3 t hru/or drawing 6 are the process sectional views showing the 
manufacturing method of the semiconductor device by this embodiment. Drawing 7 is a time 
chart which shows the formation process of the silicon nitriding oxide film by this embodiment, 
and a nitrogen high concentration region. Drawing 8 is a graph which shows the existence of 
oxidation of silicon and tungsten. 
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[0016]As shown in drawing 1 , on the silicon substrate 10, the gate electrode 20 is formed via the 
gate dielectric film 12 which comprises a silicon nitriding oxide film. 

[0017]The gate electrode 20 is constituted by the laminated structure of the polysilicon film 14 
formed on the gate dielectric film 12, the buffer film 16 which comprises WSiN formed on the 
polysilicon film 14, and the metal membrane 18 which comprises W formed on the buffer film 16. 
The buffer film 16 is to prevent the high tungsten silicide of resistance from the polysilicon film 
14 and the metal membrane 18 reacting, and being formed. 

[0018]On the gate electrode 20, the cap film 22 which comprises a silicon nitride film is formed. 
[00193The silicon nitriding oxide film 24 is formed in the side wall part of the polysilicon film 14. 
The silicon nitriding oxide film 24 is for aiming at relaxation of electric field concentrates while 
removing the damage introduced when the gate electrode 20 was patterned. 
[0020]The sidewall insulating film 26 is formed in the side attachment wall of the gate electrode 
20 and the silicon nitriding oxide film 24. In the silicon substrate 10 of the both sides of the gate 
electrode 20, the sauce / drain diffused layer 28 of the extension source drain structure 
constituted by the impurity diffusion region 28a and the impurity diffusion region 28b are formed. 
[0021]The semiconductor device by this embodiment has one of the main features in the point 
that the field 30 where nitrogen concentration is high is formed in the interface of the gate 
dielectric film 12 of the lower part of the end of the gate electrode 20. and the silicon substrate 
10. 

[0022]That is, the nitrogen concentration of the interface of the gate dielectric film 12 and the 
silicon substrate 10 of the end of the gate electrode 20 which can be set caudad is higher than 
the nitrogen concentration in the gate dielectric film 12 of the lower part of the field except 
directly under [ of the gate electrode 20 ]. i.e.. the end of the gate electrode 20. 
[0023]The fields 30 and 32 where nitrogen concentration is high are expressed by attaching 
shade and shadow among the figure. In this Description, the field where such nitrogen 
concentration is high is called nitrogen high concentration region. 

[0024]The nitrogen concentration of the interface of the gate dielectric film 1 2 and the silicon 
substrate 10 which can set the end of the gate electrode 20 caudad by this embodiment. After 
patterning the gate electrode 20 so that it may mention later, it is higher than the nitrogen 
concentration in the gate dielectric film [ directly under ] 12 of the gate electrode 20 in order to 
form the nitrogen high concentration region 30. 

r0025] Drawing 2 is a graph which shows the nitrogen concentration distribution in the field near 
the interface of the gate dielectric film of the lower part of the end of a gate electrode, and a 
silicon substrate. The horizontal axis expresses the depth and the vertical axis expresses 
nitrogen concentration. The interface of the silicon substrate 10 and the gate dielectric film 12 is 
expressed with the dashed line among the figure. 

[0026]In the silicon substrate 10, the gate dielectric film 12, and the field near the interface, 
nitrogen concentration is high so that drawing 2 may show. 

[0027]In the semiconductor device which is shown in drawing 23 and which is proposed, when 
forming an oxide film in the side wall part of a polysilicon film selectively, oxidation advanced 
from the interface of a silicon substrate and a silicon nitride film, and the nitrogen high 
concentration region had estranged from the interface of a silicon substrate and gate dielectric 
film. For this reason, hot carrier resistance might deteriorate and impurities, such as boron, might 
fall out from sauce/drain diffused layer. On the other hand, in this embodiment, since the 
nitrogen high concentration region 30 is formed in the interface of the silicon substrate 10 of the 
lower part of the end of the gate electrode 20, and the gate dielectric film 12, Impurities, such as 
boron, can be prevented from being able to acquire good hot carrier resistance and falling out 
from sauce/drain diffused layer. 

[0028]The semiconductor device by this embodiment has one of the main features also in the 
point that the field 32 where nitrogen concentration is high is formed in the interface of the 
polysilicon film 14 and the silicon nitriding oxide film 24. According to this embodiment, since the 
nitrogen high concentration region 32 is formed in the interface of the polysilicon film 14 and the 
silicon nitriding oxide film 24, it can control that impurities, such as boron introduced into the 
polysilicon film 14, fall out to the silicon nitriding oxide film 24. Therefore, according to this 
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embodiment, depletionHzation of the polysilicon film 1 4 can be prevented and the good 
semiconductor device of an electrical property can be provided. 

[0029]Next the manufacturing method of the semiconductor device by this embodiment is 
explained using drawing 3 t hru/or drawing 8 . Drawing 3 t hru/or drawing 6 are the process 
sectional views showing the manufacturing method of the semiconductor device by this 
embodiment. 

[0030]First, as shown in drawing 3 (a), the gate dielectric film 12 which comprises the silicon 
nitriding oxide film of 4.5 nm of thickness is formed on the silicon substrate 10. This gate 
dielectric film 12 can be formed by carrying out wet oxidation of the silicon substrate 10 surface, 
and, for example, heat-treating in NO gas atmosphere after this. 

[0031]Next, the polysilicon film 14 of 70 nm of thickness is formed with a CVD method on the 
silicon substrate 10 in which the gate dielectric film 12 was formed, for example. 
[0032]Next, an impurity is introduced into the polysilicon film 14 by an ion implantation. When 
forming the polysilicon film of p form, B (boron) ion is poured in by accelerating energy 5keV and 
dose 2x10^^cm"^, for example. When forming the polysilicon film of n form, P (Lynn) ion is poured 
in by accelerating energy lOkeV and dose 4x10^^cm"^, for example. 

[0033]Next, the buffer film 16 which comprises WN of 5 nm of thickness is formed, for example 
by a sputtering technique on the polysilicon film 14. 

[0034]Next, the metal membrane 18 which comprises W of 40 nm of thickness is formed, for 
example by a sputtering technique on the buffer film 1 6. 

[0035]Next, the cap film 22 which comprises SiN of 200 nm of thickness is formed with a CVD 
method on the metal membrane 18, for example (refer to drawing 3 (b)). 

[0036]Next, the cap film 22, the metal membrane 18, the buffer film 16, and the polysilicon film 
14 are patterned using photolithography technique. The upper surface forms the gate electrode 
20 of the polymetal structure which comprises the polysilicon film 14, the buffer film 16, and the 
metal membrane 1 8 which were covered with the cap film 22 (refer to drawing 4 (a)). 
[0037]Next, the silicon nitriding oxide film 24 is selectively formed in the side wall part of the 
polysilicon film 14, without oxidizing the metal membrane 18 and the buffer film 16. The nitrogen 
high concentration region 30 is formed in the interface of the silicon substrate 10 of the lower 
part of the end of the gate electrode 20, and the gate dielectric film 1 2, and the nitrogen high 
concentration region 32 is further formed in the interface of the polysilicon film 14 and the 
silicon nitriding oxide film 24. 

[0038]Such the silicon nitriding oxide film 24 and the nitrogen high concentration regions 30 and 
32 can be formed by a process as shown in drawing 7 . Drawing 7 is a time chart which shows the 
formation process of a silicon nitriding oxide film and a nitrogen high concentration region. 
Drawing 7 (a) shows the temperature of the membrane formation interior of a room, drawing 7 (b) 
shows the flow of the gas introduced into a membrane formation room, and drawing 7 (c) shows 
the pressure of the membrane formation interior of a room. 

[0039]That is, first, as shown in drawing 7 , the pressure of the membrane formation interior of a 
room makes 350 ** temperature of the membrane formation interior of a room with atmospheric 
pressure, i.e.. the state of about 101.3 kPa(s), and introduces N2 gas into the membrane 
formation interior of a room by the flow of 10SLM. Then, the flow of gas is set to 20SLM. It is 
because there is a possibility that the side wall part of metal membrane 1 8 grade may oxidize 
when setting low the temperature of the membrane formation interior of a room to 350 ** makes 
an elevated temperature the membrane formation interior of a room in the stage where oxygen 
remains in the membrane formation interior of a room. 

[0040] Next, introduction of N2 gas is stopped and the membrane formation interior of a room is 
made into a vacuum. 

[0041]Next, N2 gas is introduced into the membrane formation interior of a room by the flow of 
5SLM, and the pressure of the membrane formation interior of a room is set to about 4 kPa. 
Then, the temperature of the membrane formation interior of a room is raised to 800 **. If the 
temperature of the membrane formation interior of a room rises to 800 **, introduction of N« gas 
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will be stopped. 

[0042]Next H2 gas, gas, and NO gas are introduced into the membrane formation interior of 
a room one by one. First, introduction of H2 gas is started by the flow of 1SLM. Next, 
introduction of gas is started by the flow of 0.4SLM. Then, introduction of NO gas is started 
by the flow of 0.5SLM. 

[0043]The NO gas introduced into the membrane formation interior of a room functions as a 
nitrogen supply source. H2O gas functions as a oxidizing gas. and H2 gas functions as reducing 

gas. 

[0044]In such an atmosphere, without oxidizing the metal membrane 18 and the buffer film 16, if 
800 ** and heat treatment for 60 minutes are performed, for example, acid nitriding of the side 
wall part of the polysilicon film 14 is carried out selectively, and the silicon nitride film 24 of 10 
nm of thickness is formed in the side wall part of the polysilicon film 1 4. About 2.7 nm of acid 
nitrides will grow by this acid nitriding also on the gate dielectric film 1 2 exposed on the silicon 
substrate 10. The nitrogen high concentration region 30 is formed in the interface of the silicon 
substrate 10 of the lower part of the end of the gate electrode 20, and the gate dielectric film 12 
by this acid nitriding, and the nitrogen high concentration region 32 is formed in the interface of 
the polysilicon film 14 and the silicon nitriding oxide film 24, 

[0045] Drawing 8 is a graph which shows the existence of oxidation of silicon and tungsten. The 
horizontal axis shows forming temperature and the vertical axis shows the division ratio of 

gas and H2O gas. This graph is quoted from N.Yamamoto et al. and In Proc. 15th SSDM and 94 

(1983). 

[0046]Only Si oxidizes without oxidizing W, if the division ratio of gas and HgO gas is set up 
within limits which attached hatching so that drawing 8 may show. 

[0047]Therefore. it is thought that acid nitriding of the side wall part of the polysilicon film 14 
can be carried out selectively, without oxidizing the metal membrane 18. if membranes are 
formed by setting up the division ratio of gas and H2O gas within limits which attached 

hatching by drawing 8 . 

[0048]For example, when the temperature of the membrane formation interior of a room is 800 
**, it is thought that what is necessary is just to set up the division ratio of H2O to H2 within the 

limits of 1x10"^ - 4x1 0"^ 

[0049]Alternative oxidation uses that the Gibbs' free energy (GibbsFree Energy) which generates 
silicon oxide is larger than the Gibbs* free energy which generates a metallic oxide. W used by 
this embodiment is metal which oxidizes easily, for example, the Gibbs' free energy at 800 ** is 
99 kcal. 

[0050]When the Gibbs' free energy at 800 ** was examined about other metallic materials here, 
as for 34 kcal and Co, 101 kcal and Mo of 76 kcal and Cr were [ nickel ] 95 kcal. The Gibbs' free 
energy of these metallic materials is almost as smaller as the Gibbs' free energy of W than the 
case of equivalent or W. 

[0051]Therefore, even if it is a case where these metal is used as a material of the metal 
membrane 1 8, it is thought possible to perform alternative oxidation on the same conditions as 
this embodiment. 

[0052]The precious metals, such as Au, Ag, and Pt, are also considered not to oxidize at 800 **. 
Therefore, even if it is a case where these precious metals are used as a material of the metal 
membrane 1 8, it is thought possible to perform alternative oxidation. 

[0053]In the above, although the flow of NO gas was set to 0.5SLM, the flow of NO gas is not 
limited to 0.5SLM. For example, the flow of NO gas can be suitably set up in 1 or less SLM. 
[0054]Next, as shown in drawing 7 , introduction of NO gas, H2O gas, and H2 gas is stopped one 

by one. 

[0055]Next. Ng gas is introduced into the membrane formation interior of a room by the flow of 
5SLM. Then, the temperature of the membrane formation interior of a room is reduced to 300 **. 

http://www4ipdljnpit.goop/cgi-bin/tran_web_cgi_ejje?atw_^ 2010/07/09 



JP,2002-026317,A [DETAILED DESCRIPTION] 



Page 6 of 16 



[0056]Next if the temperature of the membrane formation interior of a room falls to 300 **, 
introduction of the gas to the membrane formation interior of a room will be stopped. If 
introduction of N2 gas is stopped, the membrane formation interior of a room will be in a vacua. 
[0057]Next, gas is introduced into the membrane formation interior of a room by the flow of 
20SLM. Thereby, the pressure of the membrane formation interior of a room rises to 
atmospheric pressure. Then, the introduction amount of the N2 gas to the membrane formation 
interior of a room is set to 10SLM. 

[0058]In this way, the silicon nitride film 24 is selectively formed in the side wall part of the 
polysilicon film 14, The nitrogen high concentration region 30 is formed in the interface of the 
silicon substrate 10 of the lower part of the end of the gate electrode 20, and the gate dielectric 
film 12, and the nitrogen high concentration region 32 is further formed in the interface of the 
polysilicon film 14 and the silicon nitriding oxide film 24 (refer to drawing 4 (b)). 
[0059]Next, an ion implantation is performed by using the gate electrode 20 as a mask, and this 
forms the impurity diffusion region 28a which constitutes the shallow field of an extension source 
drain in the silicon substrate 10 of the both sides of the gate electrode 20 (refer to drawing 5 
(a)). In forming the impurity diffusion region of p form MOS transistor, it pours in ion by 

accelerating energy 10keV and dose SxlO^'^cm"^, for example. In forming the impurity diffusion 
region of a nMOS transistor, it pours in As ion by accelerating energy 15keV and dose 
5x10^^cm"^, for example. 

[0060]Next, the silicon nitride film of 20 nm of thickness is formed in the whole surface, for 
example with a CVD method. Then, anisotropic etching of the silicon nitride film is carried out, 
and the sidewall insulating film 26 which grows into the side attachment wall of the gate 
electrode 20 and the silicon nitriding oxide film 24 from a silicon nitride film is formed (refer to 
drawing 5 (b)). 

[0061]Next, an ion implantation is performed by using the gate electrode 20 and the sidewall 
insulating film 26 as a mask, and the impurity diffusion region 28b which constitutes the deep 
field of an extension source drain by this is formed. In forming the impurity diffusion region of a 
pMOS transistor, it pours in ion by accelerating energy 45keV and dose SxlO^^cm"^ for 
example. In forming the impurity diffusion region of a nMOS transistor, it pours in As ion by 
accelerating energy 50keV and dose 3x10^^cm''^, for example. 

[0062]Next, in a nitrogen atmosphere, 950 ** and heat treatment for 10 seconds are performed, 
for example, the ion introduced into the impurity diffusion regions 28a and 28b is activated, and 
sauce / drain diffused layer 28 is formed. 

[0063]In this way. the MOS transistor which has the gate electrode 20 of polymetal structure is 
formed. 

[0064]Thus, since according to this embodiment it heat-treats in the gas atmosphere which has 
the oxidation and a reducing action including a nitrogen atom after patterning a gate electrode. 
While forming a silicon nitriding oxide film in the side wall part of a polysilicon film selectively, a 
nitrogen high concentration region can be formed in the interface of a polysilicon film and a 
silicon nitriding oxide film. Since a nitrogen high concentration region is formed in the interface of 
a polysilicon film and a silicon nitriding oxide film, according to this embodiment, depletionHzation 
of a polysilicon film can be controlled. 

[0065]Since according to this embodiment it heat-treats in the gas atmosphere which has the 
oxidation and a reducing action including a nitrogen atom after patterning a gate electrode, a 
nitrogen high concentration region can be formed in the interface of the silicon substrate of the 
lower part of the end of a gate electrode, and gate dielectric film. Since a nitrogen high 
concentration region is formed in the interface of a silicon substrate and gate dielectric film, 
according to this embodiment, the good semiconductor device of hot carrier resistance can be 
provided. 

[0066](Modification (the 1)) The manufacturing method of the semiconductor device by the 
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modification (the 1) of this embodiment is explained using drawing 9 . Drawing 9 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0067]When the manufacturing method of the semiconductor device by this modification forms 
the silicon nitriding oxide film 26 and the nitrogen high concentration regions 30 and 32, using 
gas as a nitrogen supply source has the main features. 

[0068]First, since the process until it goes up the temperature of the membrane formation 
interior of a room to 800 ** and stops introduction of N2 gas is the same as that of the 

manufacturing method of the semiconductor device by a 1 st embodiment shown in drawing 7 , 
explanation is omitted. 

[0069]Next as shown in drawing 9 , H2 gas, gas, and NgO gas are introduced into the 
membrane formation interior of a room one by one. First, introduction of gas is started by the 
flow of 1SLM. Next, introduction of gas is started by the flow of 0.4SLM. Then, introduction 
of NgO gas is started by the flow of 5SLM. The pyrolysis of the gas is carried out, it turns 
into NO gas, and functions as a nitrogen supply source. 

[0070]The flow of N2O gas is not limited to 5SLM, and what is necessary is just to set it up 

suitably, for example in 5 or less SLM. What is necessary is just to also set suitably the division 
ratio of gas and H2 gas as the side wall part of the polysilicon film 14 on the conditions 

which can form the silicon nitriding oxide film 24, without oxidizing the metal membrane 18 and 
the buffer film 16. 

[0071]In such an atmosphere, if 800 ** and heat treatment for 60 minutes are performed, for 
example. The silicon nitriding oxide film 24 is selectively formed in the side wall part of the 
polysilicon film 1 4, The nitrogen high concentration region 30 is formed in the interface of the 
silicon substrate 10 of the lower part of the end of the gate electrode 20, and the gate dielectric 
film 1 2, and the nitrogen high concentration region 32 is further formed in the interface of the 
polysilicon film 14 and the silicon nitriding oxide film 24. 

[0072]Next. the introduction to the membrane formation interior of a room of N2O gas, H2 gas, 
and H2O gas is stopped one by one. 

[0073]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 1 st embodiment shown in drawing 7 , explanation is omitted. 
[0074]Thus, even if it is a case where NgO gas is used as a nitrogen supply source, the same 

semiconductor device as a 1st embodiment shown in drawing 1 can be manufactured. 
[0075](Modification (the 2)) The manufacturing method of the semiconductor device by the 
modification (the 2) of this embodiment is explained using drawing 10 . Drawing 10 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0076]When the manufacturing method of the semiconductor device by this modification forms 
the silicon nitriding oxide film 24 and the nitrogen high concentration regions 30 and 32, 
introducing NH3 gas as a nitrogen supply source has the main features. 

[0077]First. since the process until it goes up the temperature of the membrane formation 
interior of a room to 800 ** and stops introduction of N2 gas is the same as that of the 

manufacturing method of the semiconductor device by a 1 st embodiment shown in drawing 7 , 
explanation is omitted. 

[0078]Next as shown in drawing 10 , H2 gas, HgO gas, and NH3 gas are introduced into the 
membrane formation interior of a room one by one. First, introduction of H2 gas is started by the 
flow of 1SLM. Next, introduction of H2O gas is started by the flow of 0.4SLM. Then, introduction 
of NH3 gas is started by the flow of 0.1 SLM. 

[0079]The flow of NH3 gas is not limited to 0.1 SLM, and what is necessary is just to set it up 
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suitably, for example in 0.5 or less SLM. What is necessary is just to also set suitably the division 
ratio of gas and gas as the side wall part of the polysilicon film 14 on the conditions 

which can form the silicon nitriding oxide film 24, without oxidizing the metal membrane 18 and 
the buffer film 1 6. 

[0080]In such an atmosphere, if 800 ** and heat treatment for 60 minutes are performed, for 
example, The silicon nitriding oxide film 24 is selectively formed in the side wall part of the 
polysilicon film 1 4, The nitrogen high concentration region 30 is formed in the interface of the 
silicon substrate 10 of the lower part of the end of the gate electrode 20, and the gate dielectric 
film 1 2, and the nitrogen high concentration region 32 is further formed in the interface of the 
polysilicon film 14 and the silicon nitriding oxide film 24. 

[0081]Next. the introduction to the membrane formation interior of a room of gas, H2 gas, 
and gas is stopped one by one. 

[0082]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 1 st embodiment shown in drawing 7 , explanation is omitted. 
[0083]Thus, even if it is a case where NH3 gas is used as a nitrogen supply source, the same 

semiconductor device as a 1st embodiment shown in drawing 1 can be manufactured. 
[0084](Modification (the 3)) The manufacturing method of the semiconductor device by the 
modification (the 3) of this embodiment is explained using drawing 1 1 . Drawing 1 1 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0085]When the manufacturing method of the semiconductor device by this modification forms 
the silicon nitriding oxide film 24 and the nitrogen high concentration regions 30 and 32, not 
introducing H2 gas has the main features. 

[0086]First, since the process until it goes up the temperature of the membrane formation 
interior of a room to 800 ** and stops introduction of N2 gas is the same as that of the 

manufacturing method of the semiconductor device by a 1 st embodiment shown in drawing 7 . 
explanation is omitted. 

[0087]Next, NH3 gas and H2O gas are introduced into the membrane formation interior of a room 
one by one. First, introduction of NH3 gas is started by the flow of 0.1 SLM. Next, introduction of 
H2O gas is started by the flow of 0.4SLM. The nitrogen contained in NH3 gas functions as a 
nitrogen supply source at the time of forming the silicon nitriding oxide film 24 and the nitrogen 
high concentration regions 30 and 32, and the hydrogen contained in NH3 gas functions as 
reducing gas which prevents oxidation of the metal membrane 18 or the buffer film 16. 
[0088]The flow of NH3 gas is not limited to 0.1 SLM. and can be suitably set up. for example in 
the range of 0.05 - 0.2SLM. The division ratio of NH3 gas and HgO gas can be suitably set up in 
1:4-1:1, for example. 

[0089]In such an atmosphere, if 800 ** and heat treatment for 60 minutes are performed, for 
example, The silicon nitriding oxide film 24 is selectively formed in the side wall part of the 
polysilicon film 14, The nitrogen high concentration region 30 is formed in the interface of the 
silicon substrate 10 of the lower part of the end of the gate electrode 20, and the gate dielectric 
film 12, and the nitrogen high concentration region 32 is further formed in the interface of the 
polysilicon film 14 and the silicon nitriding oxide film 24. 

[0090]Next the introduction to the membrane formation interior of a room of H2O gas and NH3 
gas is stopped one by one. 

[0091]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 1st embodiment shown in drawing 7 , explanation is omitted. 
[0092]Since the hydrogen contained in NH3 functions as reducing gas which prevents oxidation 
of the metal membrane 18 and the buffer film 16 according to this modification, even if it is a 
case where H2 gas is not introduced, the same semiconductor device as a 1st embodiment 
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shown in drawing 1 can be manufactured. 

[0093j(Modification (the 4)) The manufacturing method of the semiconductor device by the 
modification (the 4) of this embodiment is explained using drawing 12 . Drawing 1 2 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0094]When the manufacturing method of the semiconductor device by this modification forms 
the silicon nitriding oxide film 24 and the nitrogen high concentration regions 30 and 32, using the 
atmosphere diluted with N2 gas has the main features. 

[0095]First, since the process until it stops introduction of N2 gas and makes the membrane 

formation interior of a room into a vacuum is the same as that of the manufacturing method of 
the semiconductor device by a 1st embodiment shown in drawing 7 , explanation is omitted 
[0096]Next, introduction of N2 gas is started by the flow of 5SLM to the membrane formation 

interior of a room. gas functions as. dilution gas. 

[0097]Next, Hg gas, H^O gas, and NO gas are introduced one by one, without stopping 

introduction of N2 gas. First, introduction of H2 gas is started by the flow of 1SLM. Next, 

introduction of H2O gas is started by the flow of 0.4SLM. Next, introduction of NO gas is started 

by the flow of 0.5SLM, and the pressure of the membrane formation interior of a room is set to 
about 26.7 kPa. 

[0098]The flow of NO gas is not limited to 1SLM, and what is necessary is just to set it up 
suitably, for example in 1 or less SLM. The division ratio of H2O gas and H2 gas should just also 

set the silicon nitriding oxide film 24 as the side wall part of the polysilicon film 14 suitably on 
the conditions which can be formed selectively, without oxidizing W film and a buffer film. The 
division ratio of H2O gas. gas. and NO gas can be suitably set up in 2:1-5:1, for example. 

[0099]In such an atmosphere, if 800 ** and heat treatment for 60 minutes are performed, for 
example, The silicon nitriding oxide film 24 is selectively formed in the side wall part of the 
polysilicon film 14, The nitrogen high concentration region 30 is formed in the interface of the 
silicon substrate 10 of the lower part of the end of the gate electrode 20, and the gate dielectric 
film 12, and the nitrogen high concentration region 32 is further formed in the interface of the 
polysilicon film 14 and the silicon nitriding oxide film 24. 

[0100]Next. the introduction to the membrane formation interior of a room of NO gas, H2O gas, 
and H2 gas is stopped one by one. 

[0101]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 1 st embodiment shown in drawing 7 , explanation is omitted. 
[0102]Even if it is a case where the atmosphere diluted with N2 gas like is used for this 

modification, the semiconductor device by a 1st embodiment shown in drawing 1 and the same 
semiconductor device can be manufactured. 

[0103](Modification (the 5)) The manufacturing method of the semiconductor device by the 
modification (the 5) of this embodiment is explained using drawing 1 3 . Drawing 13 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0104]When the manufacturing method of the semiconductor device by this modification forms 
the silicon nitriding oxide film 24 and the nitrogen high concentration regions 30 and 32, using the 
atmosphere diluted with Ar gas has the main features. 

[0105]First, since the process until it stops introduction of N2 gas and makes the membrane 

formation interior of a room into a vacuum is the same as that of the manufacturing method of 
the semiconductor device by a 1st embodiment shown in drawing 7 , explanation is omitted. 
[0106]Next. introduction of Ar gas is started by the flow of 5SLM to the membrane formation 
interior of a room. Ar gas functions as dilution gas. 

[0107]Next, Hp gas. H^O gas, and NO gas are introduced one by one, without stopping 
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introduction of N2 gas. Specifically, introduction of H2 gas is first started by the flow of 1SLM. 

Next, introduction of H^O gas is started by the flow of 0.4SLM. Next, introduction of NO gas is 

started by the flow of 0.5SLM, and the pressure of the membrane formation interior of a room is 
set to about 26.7 kPa. 

[0108]The flow of NO gas is not limited to 1SLM, and what is necessary is just to set it up 
suitably, for example in 1 or less SLM. What is necessary is just to also set the division ratio of 
and H2 as the side wall part of the polysilicon film 14 suitably on the conditions which can 

form the silicon nitriding oxide film 24 selectively, without oxidizing the metal membrane 18 and 
the buffer film 16. The division ratio of HgO gas, H2 gas, and NO gas can be suitably set up in 

4:10:1-4:10:5, for example. 

[0109]In such an atmosphere, if 800 ** and heat treatment for 60 minutes are performed, for 
example, The silicon nitriding oxide film 24 is selectively formed in the side wall part of the 
polysilicon film 14, The nitrogen high concentration region 30 is formed in the interface of the 
silicon substrate 10 of the lower part of the end of the gate electrode 20, and the gate dielectric 
film 12, and the nitrogen high concentration region 32 is further formed in the interface of the 
polysilicon film 14 and the silicon nitriding oxide film 24. 

[01 10]Next. the introduction to the membrane formation interior of a room of NO gas, H2O gas, 
and H2 gas is stopped one by one. 

[01 1 1]Next, the introduction to the membrane formation interior of a room of Ar gas is stopped. 
[01 12]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 1st embodiment shown in drawing 7 , explanation is omitted. 
[01 13]Even if it is a case where the atmosphere diluted with Ar gas like is used for this 
modification, the semiconductor device by a 1st embodiment shown in drawing 1 and the same 
semiconductor device can be manufactured. 

[01 14][A 2nd embodiment] A semiconductor device by a 2nd embodiment of this invention and a 
manufacturing method for the same are explained using drawing 1 4 t hru/or drawing 1 6 . Drawing 
14 is a sectional view showing the semiconductor device by this embodiment. Drawing 15 is a 
process sectional view showing the manufacturing method of the semiconductor device by this 
embodiment. Drawing 16 is a time chart which shows the formation process of the silicon 
nitriding oxide film by this embodiment, and a nitrogen high concentration region, giving the same 
numerals to the same component as a semiconductor device by a 1st embodiment shown in 
drawing 1 thru/ or drawing 1 3 , and a manufacturing method for the same — explanation — an 
abbreviation — or it is made brief. 

[01 15]First, the semiconductor device by this embodiment is explained using drawing 14 . 
[01 16]As shown in drawing 14 , the silicon nitriding oxide film 24a is formed in the side wall part 
of the polysilicon film 14. This silicon nitriding oxide film 24a is almost the same as the silicon 
nitriding oxide film 24 of the semiconductor device by a 1st embodiment, and can be formed by 
the method of mentioning later. 

[01 17]About other components, since it is the same as that of the semiconductor device by a 
1st embodiment shown in drawing 1 , explanation is omitted. 

[01 18]Next, the manufacturing method of the semiconductor device by this embodiment is 
explained using drawing 15 and drawing 16 . 

[01 19]After the manufacturing method of the semiconductor device by this embodiment forms 
silicon oxide in the side wall part of a polysilicon film selectively, forming a nitrogen high 
concentration region has the main features. 

[0120]First, since the process until it forms the gate electrode 20 is the same as that of the 
manufacturing method of the semiconductor device by a 1 st embodiment shown in drawing 3 (a) 
thru/ or drawing 4 ( a), explanation is omitted. 

[0121]Next, the silicon oxide 23 is selectively formed in the side wall part of the polysilicon film 
14, without oxidizing the metal membrane 18 and the buffer film 16, as shown in drawing 15 (a). 
Such silicon oxide 23 can be formed in a process as shown in drawing 16 . 
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[0122]First, since the process until it stops introduction of N2 gas and makes the membrane 

formation interior of a room into a vacuum is the same as that of the manufacturing method of 
the semiconductor device by a 1st embodiment shown in drawing 7 , explanation is omitted. 
[0123]Next. as shown in drawing 1 6 , H2 gas and gas are introduced into the membrane 

formation interior of a room one by one. First, introduction of H2 gas is started by the flow of 

1SLM. Next, introduction of HgO gas is started by the flow of 0.4SLM, and the pressure of the 

membrane formation interior of a room is set for example, to 4kPa. 

[0124]What is necessary is just to set the division ratio of H2O and H2 as the side wall part of 

the polysilicon film 14 suitably on the conditions which can form the silicon nitriding oxide film 24 
selectively, without oxidizing the metal membrane 18 and the buffer film 16. 
[0125]And the temperature of the membrane formation interior of a room is gone up to 800 **. 
In such an atmosphere, if 800 ** and heat treatment for 60 minutes are performed, for example, 
the silicon oxide 23 will be selectively formed in the side wall part of the polysilicon film 14. 
[0126]Next, the introduction to the membrane formation interior of a room of H2O gas is ended. 

[0127]Next, introduction of NO gas is started by the flow of 1SLM, without ending the 
introduction to the membrane formation interior of a room of H2 gas. If 800 ** and heat 

treatment for 30 minutes are performed in such an atmosphere, nitrogen will be introduced in the 
silicon oxide 23 and it will become the silicon nitriding oxide film 24a, The nitrogen high 
concentration region 32 is formed in the interface of the polysilicon film 14 and the silicon 
nitriding oxide film 24a, and the nitrogen high concentration region 30 is further formed in the 
interface of the silicon substrate 10 of the lower part of the end of the gate electrode 20, and 
the gate dielectric film 12 (refer to drawing 15 (b)). 

[0128]The division ratio of NO gas and H2 gas can be suitably set up in 1:1 to 0.2:1, for example. 

[0129]Since the manufacturing method of the semiconductor device by this next embodiment is 
the same as the manufacturing method of the semiconductor device by a 1st embodiment shown 

drawing 5 (a) thru/or drawing 6 , explanation is omitted. 
[0130]Thus, after forming the silicon oxide 23 in the side wall part of the polysilicon film 14 
selectively, even if it is a case where the nitrogen high concentration regions 30 and 32 are 
formed, the same semiconductor device as a 1 st embodiment shown in drawing 1 can be 
manufactured. 

[0131](Modification (the 1)) The manufacturing method of the semiconductor device by the 
modification (the 1) of this embodiment is explained using drawing 17 . Drawing 17 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0132]While the manufacturing method of the semiconductor device by this modification 
introduces nitrogen into the silicon oxide 23 using the atmosphere which comprises NH3 gas, 

forming the nitrogen high concentration regions 30 and 32 has the main features. 

[0133]First, H2 gas and H2O gas are introduced into the membrane formation interior of a room, 

and since the process of forming the silicon oxide 23 selectively at the side wall part of the 
polysilicon film 14 is the same as that of the manufacturing method of the semiconductor device 
by a 2nd embodiment shown in drawing 16 , explanation is omitted. 

[0134]Next, as shown in drawing 1 7 , introduction of HgO gas is ended and introduction of H2 gas 
is ended further. 

[0135]Next, introduction of NH3 gas is started by the flow of 0.1 SLM. If 800 ** and heat 

treatment for 30 minutes are performed in such an atmosphere, nitrogen will be introduced in the 
silicon oxide 23 and it will become the silicon nitriding oxide film 24a, It is formed in the interface 
of the polysilicon film 14 and the silicon nitriding oxide film 24a by the nitrogen high 
concentration region 32, and further. Next the nitrogen high concentration region 30 is formed in 
the interface of the silicon substrate 10 of the lower part of the end of the gate electrode 20. 
and the gate dielectric film 1 2, introduction of the NH3 gas to the membrane formation interior of 
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a room is ended. 

[0136]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 2nd embodiment shown in drawing 16 , explanation is omitted. 
[0137]Thus, even if it is a case where the atmosphere which comprises NH3 gas is used, nitrogen 

can be introduced into the silicon oxide 23, and the silicon nitriding oxide film 24a can be formed, 
and the nitrogen high concentration regions 30 and 32 can be formed. Therefore, the 
semiconductor device by a 2nd embodiment shown in drawing 14 and the same semiconductor 
device can be manufactured also according to this modification. 

[0138](Modification (the 2)) The manufacturing method of the semiconductor device by the 
modification (the 2) of this embodiment is explained using drawing 1 8 . Drawing 18 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0139]While the manufacturing method of the semiconductor device by this modification 
introduces nitrogen into the silicon oxide 23 using the atmosphere which comprises NO gas and 
NHg gas, forming the nitrogen high concentration regions 30 and 32 has the main features. 

[0140]First, since the process of introducing H2 gas and H^O gas into the membrane formation 

interior of a room, and forming the silicon oxide 23 in it selectively at the side wall part of the 
polysilicon film 14 is the same as that of the manufacturing method of the semiconductor device 
by a 2nd embodiment shown in drawing 1 6 , explanation is omitted. 

[0141]Next, as shown in drawing 1 8 , introduction of gas is ended and introduction of H2 gas 
is ended after this. 

[0142]Next, introduction of NH^ gas is started by the flow of 0.1 SLM. Then, introduction of NO 

gas is started by the flow of 0.5SLM. If 800 ** and heat treatment for 30 minutes are performed 
in such an atmosphere, nitrogen will be introduced in the silicon oxide 23 and it will become the 
silicon nitriding oxide film 24a, The nitrogen high concentration region 32 is formed in the 
interface of the polysilicon film 14 and the silicon nitriding oxide film 24a, and the nitrogen high 
concentration region 30 is further formed in the interface of the silicon substrate 10 of the lower 
part of the end of the gate electrode 20, and the gate dielectric film 1 2. 

[0143]The division ratio of NO gas and NH^ gas can be suitably set up in 1:1-5:1, for example. 

[0144]Next, introduction of NO gas is ended and introduction of NH^ gas is ended after this. 

[0145]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 2nd embodiment shown in drawing 16 , explanation is omitted. 
[0146]Thus, even if it is a case where the atmosphere which comprises NO gas and NH^ gas is 

used, nitrogen can be introduced into the silicon oxide 23. and the silicon nitriding oxide film 24a 
can be formed, and the nitrogen high concentration regions 30 and 32 can be formed. Therefore, 
the semiconductor device by a 2nd embodiment shown in drawing 14 and the same 
semiconductor device can be manufactured also according to this modification. 
[0147](Modification (the 3)) The manufacturing method of the semiconductor device by the 
modification (the 3) of this embodiment is explained using drawing 1 9 . Drawing 19 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0148]While the manufacturing method of the semiconductor device by this modification 
introduces nitrogen into the silicon oxide 23 using the atmosphere which comprises NgO gas and 

H2 gas, forming the nitrogen high concentration regions 30 and 32 has the main features. 

[0149]First, since the process of introducing H2 gas and H2O gas into the membrane formation 

interior of a room, and forming the silicon oxide 23 in it selectively at the side wall part of the 
polysilicon film 14 is the same as that of the manufacturing method of the semiconductor device 
by a 2nd embodiment shown in drawing 16 , explanation is omitted. 

[0150]Next, the introduction to the membrane formation interior of a room of H2O gas is ended, 
without ending introduction of the H2 gas to the membrane formation interior of a room, as 
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shown in drawing 19 . 

[0151]Next introduction of gas is started by the flow of 5SLM. If 800 ** and heat treatment 

for 30 minutes are performed in such an atmosphere, nitrogen will be introduced in the silicon 
oxide 23 and it will become the silicon nitriding oxide film 24a, The nitrogen high concentration 
region 32 is formed in the interface of the polysilicon film 14 and the silicon nitriding oxide film 
24a, and the nitrogen high concentration region 30 is further formed in the interface of the 
silicon substrate 10 of the lower part of the end of the gate electrode 20, and the gate dielectric 
film 12. 

[0152]The division ratio of H2 gas and gas can be suitably set up in 1:1-1:5, for example. 

[0153]Next, introduction of gas is ended and introduction of H2 gas is ended after this. 

[0154]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 2nd embodiment shown in drawing 16 , explanation is omitted. 
[0155]Thus, even if it is a case where the atmosphere which comprises gas and gas is 

used, nitrogen can be introduced into the silicon oxide 23, and the silicon nitriding oxide film 24a 
can be formed, and the nitrogen high concentration regions 30 and 32 can be formed. Therefore, 
the semiconductor device by a 2nd embodiment shown in drawing 14 and the same 
semiconductor device can be manufactured also according to this modification. 
[0156](Modification (the 4)) The manufacturing method of the semiconductor device by the 
modification (the 4) of this embodiment is explained using drawing 20 . Drawing 20 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0157]While the manufacturing method of the semiconductor device by this modification 
introduces nitrogen into the silicon oxide 23 using the atmosphere which comprises NgO gas and 

NHg gas, forming the nitrogen high concentration regions 30 and 32 has the main features. 

[0158]First, since the process of introducing gas and HgO gas into the membrane formation 

interior of a room, and forming the silicon oxide 23 in it selectively at the side wall part of the 
polysilicon film 14 is the same as that of the manufacturing method of the semiconductor device 
by a 2nd embodiment shown in drawing 1 6 , explanation is omitted. 

[0159]Next, as shown in drawing 20 , introduction of H2O gas is ended and introduction of gas 
is ended after this. 

[0160]Next, introduction of NH3 gas is started by the flow of 0.1 SLM. Then, introduction of N2O 

gas is started by the flow of 5SLM. If 800 ** and heat treatment for 30 minutes are performed in 
such an atmosphere, nitrogen will be introduced in the silicon oxide 23 and it will become the 
silicon nitriding oxide film 24a, The nitrogen high concentration region 32 is formed in the 
interface of the polysilicon film 14 and the silicon nitriding oxide film 24a, and the nitrogen high 
concentration region 30 is further formed in the interface of the silicon substrate 10 of the lower 
part of the end of the gate electrode 20. and the gate dielectric film 12. 

[0161]The division ratio of NH3 gas and N2O gas can be suitably set up in 1:10-1:50, for example. 

[0162]Next, introduction of N2O gas is ended and introduction of NH^ gas is ended after this. 

[0163]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 2nd embodiment shown in drawing 16 , explanation is omitted. 
[0164]Thus, even if it is a case where the atmosphere which comprises N2O gas and NH^ gas is 

used, nitrogen can be introduced into the silicon oxide 23, and the silicon nitriding oxide film 24a 
can be formed, and the nitrogen high concentration regions 30 and 32 can be formed. Therefore, 
the semiconductor device by a 2nd embodiment shown in drawing 1 4 and the same 
semiconductor device can be manufactured also according to this modification. 
[0165](Modification (the 5)) The manufacturing method of the semiconductor device by the 
modification (the 5) of this embodiment is explained using drawing 21 . Drawing 21 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
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nitrogen high concentration region. 

[0166]While the manufacturing method of the semiconductor device by this modification 
introduces nitrogen into the silicon oxide 23 using the atmosphere diluted with N2 gas, forming 

the nitrogen high concentration regions 30 and 32 has the main features. 

[0167]First, since the process until it stops introduction of N2 gas and makes the membrane 

formation interior of a room into a vacuum is the same as that of the manufacturing method of 
the semiconductor device by a 2nd embodiment shown in drawing 1 6 , explanation is omitted. 
[0168]Next as shown in drawing 21 , introduction of gas is started by the flow of 5SLM to the 

membrane formation interior of a room. gas functions as dilution gas. 

[0169]Next, H2 gas and gas are introduced one by one, without stopping introduction of N2 
gas. Specifically, introduction of H2 gas is first started by the flow of 1SLM. Next, introduction of 
H2O gas is started by the flow of 0.4SLM, and the pressure of the membrane formation interior 
of a room is set to about 26.7 kPa. 

[0170]In such an atmosphere, if 800 ** and heat treatment for 60 minutes are performed, for 
example, the silicon oxide 23 will be selectively formed in the side wall part of the polysilicon film 
14. 

[0171]Next, introduction of H2O gas is ended, without ending introduction of H2 gas and N2 gas. 

[0172]Next, introduction of NO gas is started by the flow of 1SLM. In such an atmosphere, if 800 
** and heat treatment for 30 minutes are performed, for example. Nitrogen is introduced in the 
silicon oxide 23 and it becomes the silicon nitriding oxide film 24a, The nitrogen high 
concentration region 32 is formed in the interface of the polysilicon film 14 and the silicon 
nitriding oxide film 24a, and the nitrogen high concentration region 30 is further formed in the 
interface of the silicon substrate 10 of the lower part of the end of the gate electrode 20, and 
the gate dielectric film 1 2. 

[0173]The division ratio of NO gas, H2 gas, and Ng gas can be suitably set up in 0.2:1:5-1:1:5, for 
example. 

[0174]Next, introduction of NO gas is ended and introduction of H2 gas is ended after this. 
Introduction of N2 gas is ended. 

[0175]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 2nd embodiment shown in drawing 16 , explanation is omitted. 
[0176]Even if it is a case where the atmosphere diluted with Ng gas like is used for this 

modification, nitrogen can be introduced into the silicon oxide 23, and the silicon nitriding oxide 
film 24a can be formed, and the nitrogen high concentration regions 30 and 32 can be formed. 
Therefore, the semiconductor device by a 2nd embodiment shown in drawing 14 and the same 
semiconductor device can be manufactured also according to this modification. 
[0177](Modification (the 6)) The manufacturing method of the semiconductor device by the 
modification (the 6) of this embodiment is explained using drawing 22 . Drawing 22 is a time chart 
which shows the formation process of the silicon nitriding oxide film by this modification, and a 
nitrogen high concentration region. 

[0178]While the manufacturing method of the semiconductor device by this modification 
introduces [ be / it / under / atmosphere / which was diluted with Ar gas / using ] nitrogen into 
the silicon oxide 23, forming the nitrogen high concentration regions 30 and 32 has the main 
features. 

[0179]First, since the process until it stops introduction of N2 gas and makes the membrane 

formation interior of a room into a vacuum is the same as that of the manufacturing method of 
the semiconductor device by a 2nd embodiment shown in drawing 1 6 , explanation is omitted. 
[0180]Next, introduction of Ar gas is started by the flow of 5SLM to the membrane formation 
interior of a room. Ar gas functions as dilution gas. 

[0181]Next, gas and HgO gas are introduced one by one. without stopping introduction of Ar 
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gas. Specifically, introduction of gas is first started by the flow of 1SLM. Next, introduction of 

gas is started by the flow of 0.4SLM, and the pressure of the membrane formation interior 
of a room is set to about 26.7 kPa. 

[0182]In such an atmosphere, if 800 ** and heat treatment for 60 minutes are performed, for 
example, the silicon oxide 23 will be selectively formed in the side wall part of the polysilicon film 
14. 

[0183]Next, introduction of gas is ended, without ending introduction of H2 gas and N2 gas. 

[0184]Next, introduction of NO gas is started by the flow of ISLM. In such an atmosphere, if 800 
** and heat treatment for 30 minutes are performed, for example, Nitrogen is introduced in the 
silicon oxide 23 and it becomes the silicon nitriding oxide film 24a, The nitrogen high 
concentration region 32 is formed in the interface of the polysilicon film 14 and the silicon 
nitriding oxide film 24a, and the nitrogen high concentration region 30 is further formed in the 
interface of the silicon substrate 10 of the lower part of the end of the gate electrode 20, and 
the gate dielectric film 1 2. 

[Q185]The division ratio of NO gas, H2 gas, and Ar gas can be suitably set up in 0.2:1:5-1:1:5, for 
example. 

[0186]Next, introduction of NO gas is ended and introduction of gas is ended after this. 
Introduction of Ar gas is ended. 

[0187]Since the next process is the same as that of the manufacturing method of the 
semiconductor device by a 2nd embodiment shown in drawing 16 , explanation is omitted. 
[0188]Even if it is a case where the atmosphere diluted with Ar gas like is used for this 
modification, nitrogen can be introduced into the silicon oxide 23, and the silicon nitriding oxide 
film 24a can be formed, and the nitrogen high concentration regions 30 and 32 can be formed. 
Therefore, the semiconductor device by a 2nd embodiment shown in drawing 1 4 and the same 
semiconductor device can be manufactured also according to this modification. 
[0189][Modification embodiment] Not only the above-mentioned embodiment but various 
modification is possible for this invention. 

[0190]For example, although the temperature of the membrane formation interior of a room was 
800 ** and the silicon nitriding oxide film and the nitrogen high concentration region were formed 
in a 1st or 2nd embodiment, the temperature of the membrane formation interior of a room is not 
limited to 800 **. for example, the temperature of the membrane formation interior of a room — 
the range of 700 ** - 1050 ** — it may set up suitably in 750 ** - 850 ** preferably. 
[0191]In the modification (the 1) thru/or modification (the 3) of a 1st embodiment, it may dilute 
using N2 gas or Ar gas. 

[0192]In the modification (the 1) thru/or modification (the 4) of a 2nd embodiment, it may dilute 
using N2 gas or Ar gas. 

[01 93] Although diluted using N2 gas or Ar gas, dilution gas is limited to neither N2 gas nor Ar gas, 

and may be diluted with 1st and 2nd embodiments, for example using rare gas, such as Xe gas 
and Kr gas. 

[0194]A gas mass flow is not limited to the gas mass flow shown by 1st and 2nd embodiments, 
and may set up a gas mass flow suitably that a desired silicon nitriding oxide film and a desired 
nitrogen high concentration region should be formed. 
[0195] 

[Effect of the Invention]Since according to [ above passage ] this invention it heat-treats in the 
gas atmosphere which has the oxidation and a reducing action including a nitrogen atom after 
patterning a gate electrode, While forming a silicon nitriding oxide film in the side wall part of a 
polysilicon film selectively, a nitrogen high concentration region can be formed in the interface of 
a polysilicon film and a silicon nitriding oxide film. Since a nitrogen high concentration region is 
formed in the interface of a polysilicon film and a silicon nitriding oxide film, according to this 
invention, depletion-ization of a polysilicon film can be controlled. 

[01 96] According to this invention, since it heat-treats in the gas atmosphere which has the 
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oxidation and a reducing action including a nitrogen atom after patterning a gate electrode, a 
nitrogen high concentration region can be formed in the interface of the silicon substrate of the 
lower part of the end of a gate electrode, and gate dielectric film. Since a nitrogen high 
concentration region is formed in the interface of a silicon substrate and gate dielectric film, 
according to this invention, the good semiconductor device of hot carrier resistance can be 
provided. 



[Translation done.] 
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